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For  0  full  measure  of  service 


Not  only  are  men  being  tried  on  battlefronts,  the  equii> 
ment  that  they  employ  is  being  subjected  to  equally 
critical  tests  .  .  .with  the  lives  of  the  men  as  the  stake? 
We  at  home,  entrusted  with  war  contracts,  are  overcoir. 
ing  serious  raw  material  shortages  through  laboratory 
and  production  developments,  making  each  individua 
tube  that  we  produce  do  more  than  its  planned  jot 
.  .  .  and  do  it  better. 


Through  a  series  of  design  refinements,  Amperex  enc' 
neers  have  developed  transmitting  and  rectifying  tube 
that  are  being  operated  for  longer  periods  of  time  tha 
hitherto  had  been  practical.  These  new  Amperex  radi; 
and  radar  tubes  present  a  dual  economy  .  .  .  many  mor^ 
hours  of  uninterrupted  service  .  .  .  and  priceless  savinci 
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Designed  ior  b>9k  it 
quencics.  tb^  ^  oi  4 
coil  is  300  a'  20,000  cyci 


This  UTC  development 
is  a  tunable  inductance, 
adjusted  in  the  same 
manner  as  an  I.F.  trim¬ 


mer. 


.  .  .  For  low  frequencies, 
the  Q  of  this  coil  is  80 
at  100  cycles. 


.  .  .  For  medium  fre¬ 
quencies.  the  Q  of  this 
coil  is  210  at  1.000  cycles. 


Unique  characteristics  of  many  UTC  filters  are 
the  result  of  years  of  research  on  core  materials 
and  filter  structures.  We  are  proud  of  our  port  in 
the  development  of  filters  for  wartime  electronics. 
Here  ore  a  few  typical  elements,  based  on  UTC 
design,  which  have  led  to  UTC  leadership  in  this 
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I^When  the  story  of  World  War 
[I  is  fully  told,  the  battle  of  com- 
nunications  will  furnish  one  of  the 
nost  spectacular  chapters.  Even  to¬ 
day,  and  despite  the  atmosphere  of 
hush-hush,  one  cannot  mistake  the 
sense  of  urgency  and  expectation 
back  of  every  phase  of  the  govern¬ 
ment’s  radio  and  radar  program. 

One  day,  for  instance,  Robert  P. 
Patterson,  Under  Secretary  of  War, 
tells  a  congressional  committee  that 
while  the  War  Department  has 
plenty  of  “inspectors”  in  production 
plants,  the  only  “expeditors”  are  for 
plants  making  radio  and  radar 
equipment,  thus  bespeaking  the 
urgency  of  speeding  up  those  pro¬ 
grams  and  their  far-reaching  impli¬ 
cations. 

A  few  days  later,  chief  analyst  of 
tne  BEW,  Dr.  Lyman  Chalkley,  re¬ 
ports  to  the  American  Council  of 
Public  Affairs  that  radar,  neglected 
in  time  of  peace  because  of  the  al¬ 
leged  lack  of  profit  motive,  is  the 
most  dramatic  new  weapon  of  this 
war.  It  was  necessary  to  start  al¬ 
most  from  scratch  to  get  radar  from 
the  stages  of  laboratory  curiosity  to 
the  manufacture  of  practical  instru¬ 
ments,  he  said. 

Dr.  Joseph  Slepian  of  Westing- 
hou.se  goes  even  further  in  his  ad- 
dre.ss  before  the  Science  Talent  In¬ 
stitute  in  referring  to  electronics  as 
“the  fresh  and  expanding  vista  that 
lies  before  the  electrical  engineer  of 
today  and  tomorrow'.” 

It  was  against  this  backdrop  that 
the  major  happenings  of  the  month 
took  place. 

^PB — Shake-up  in  WPB  and 
vesting  of  control  over  materials 
allocation  and  production  in  Vice 
Chairman  Charles  E.  Wilson  means 
more  and  not  less  tightening  of  con¬ 
trol  over  war  materials.  Wilson 
stands  ready  to  assume  full  responsi¬ 
bility  for  the  assignment  of  orders 


for  components  (see  WPB  Order 
M-293).  Drastic  regulations  were 
set  up  for  a  few  items  of  which 
radio  test  equipment  is  one.  Lesser 
controls  have  been  imposed  on  the 
rest  of  the  32  items  which  are  desig¬ 
nated  as  critical,  including  certain 
types  of  tubes,  condensers,  capaci¬ 
tors  and  control  instruments. 

Present  setup  should  cause  no  up¬ 
heaval  in  the  R  and  R  Div.  of  WPB. 
Mr.  Wilson  is  communications- 
minded;  he  knows  the  industry  and 
its  production  capacity.  The  Divi¬ 
sion  has  been  functioning  under  his 
direction  for  some  time.  Relations 
with  Army  and  Navy  are  friendly 
and  cooperative.  An  outstanding 
example  is  the  w'ork  of  the  Stand¬ 
ardization  Committees  under  S.  K. 
Wolfe,  chief,  WPB  Resources 
Branch.  When  this  w’ork  is  finished, 
every  component  used  by  the  Signal 
Corps  will  be  included.  Mr.  Wolfe 
wants  all  standardization  of  com¬ 
ponent  parts  to  be  completed  in  less 
than  a  year.  About  $160,000  more 
w'ill  be  needed  for  the  job. 

Resources  Branch  is  also  respon¬ 
sible  for  formation  of  production 
integrating  committees  in  the  field 
of  resistors,  electrical  measuring  in¬ 
struments  and  capacitors.  These 
committees  w’ill  eventually  be  ex¬ 
tended  to  all  components;  will  inte¬ 
grate  best  manufacturing  practices 
throughout  each  component  indus¬ 
try.  The  work  is  a  continuation  of 
that  done  by  the  Industry  Advisory 
and  Standardization  Committees. 


Steatite — An  interesting  report 
on  Ceramic  Capacitors  and  Steatite 
has  just  come  from  the  Industry  Ad¬ 
visory  Committee,  headed  by  Elmer 
Crane,  Chief  of  the  Component  Sec¬ 
tion  of  WPB  Radio  Division.  Evi¬ 
dently  steatite  is  no  longer  a  bottle¬ 
neck  in  the  production  of  military 
radio  equipment.  Producers  are 
able  to  accept  orders  for  delivery  in 


from  four  to  eight  weeks  vs  eight 
months  backlog  last  summer,  be¬ 
cause  facilities  constructed  to  meet 
war  demands  are  now  in  operation 
and  because  phenol  plastics  have 
been  substituted  for  steatite.  There 
is  a  danger  now  that  the  pendulum 
will  swing  too  far  towards  phenol 
and  cause  a  scarcity  of  it  instead  of 
steatite.  Producers  of  ceramic  capaci¬ 
tors  forecast  sharp  increase  in  out¬ 
put  within  two  months  because  of 
new’  facilities  now’  being  completed. 

Manpower  —  Recognizing  that 
program  objectives  hinge  as  much 
if  not  more  on  adequate  manpower 
as  they  do  on  materials  and  orderly 
scheduling,  the  government  and  in¬ 
dustry  have  moved  to  solve  this  No. 

1  problem.  “Electronics  Manpower 
Advisory  Committee”  has  been  or- 
iranized  to  prepare  recommendations 
to  War  Manpower  Commission  and 
other  government  agencies.  Formed 
by  the  Radio  Division  of  the  Bureau 
of  Ships,  United  States  Navy;  the 
Army  and  Navy  Electronic  Produc¬ 
tion  Agency  and  the  Radio  Division 
of  the  War  Production  Board.  Man¬ 
agement  members  are:  L.  B.  Mor¬ 
ris,  R.C.A.  Mfg.  Co.,  Inc.,  Chair¬ 
man;  J.  D.  Washburn,  Sprague 
Specialities  Co.,  and  W.  K.  Wiggins, 
Western  Electric  Co.,  Chicago. 

Labor  members  are :  Harold  Sharpe 
and  James  J.  Conroy,  United  Elec¬ 
tric,  Radio  and  Machine  Workers 
of  America,  C.I.O.,  and  Lawson  B. 
Wimberly,  International  Brother¬ 
hood  of  Electrical  Workers,  A.F.L. 

At  the  organization  meeting,  at¬ 
tended  by  representatives  of  Armed 
Services  and  WPB,  a  special  task 
committee  w’as  set  up  to  summarize 
electronics  manpow’er  problem  for 
presentation  to  the  committee.  First 
subject  to  be  studied  is  that  of 
absenteeism. 

Additional  Washington  news  will  be 
found  in  Crosstalk  and  Industry  in 
Review. 
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Probably  Your  Mallory  Distributor 
Cau  Give  You  Help  like  This— 


Somewhere  in  the  Middle  West  is  an  aircraft  engine  manufac¬ 
turer  who  uses  many  Mallory  Electronic  parts  in  dynamometer 
test  cells.  Recently  he  sent  us  a  hurry  call  for  some  Mallory 
phone  jacks  to  go  in  the  control  panel  of  a  new  cell  being 
rushed  to  completion.  He  had  the  right  priority,  too. 

It  was  a  standard  jack,  but  as  is  so  often  the  case  with  man¬ 
ufacturers  immersed  in  w  ar  production,  it  was  out  of  stock. 
To  produce  it,  we  would  have  had  to  start  from  scratch — 
*Vhen,  as  and  if !” 

But  we  referred  his  request  to  the  local  Mallory  distributor 
— who  filled  his  needs  from  stock. 

This  is  just  a  sample  of  how  Mallory  distributors  can  help. 
We  do  our  level  best  to  furnish  them  wdth  adequate  stocks  so 
that  essential  electronic  parts  to  fill  small  orders  with  high 
priorities  may  be  handled  promptly. 

It  will  pay  you  to  maintain  a  contact  with  your  local  Mallwy 
distributor.  He  will  give  good  service,  furnish  your  purchas¬ 
ing  department  with  complete  information  and  prices;  your 
engineering  and  design  departments  with  application  data; 
work  his  head  off  to  get  you  those  parts  you  need  for  main¬ 
tenance,  test  equipment  and  pre-production  models. 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS,  INDIANA 

Cable  Address— PELMALLO 


Get  acquainted  with  your  local  Mallory  distribu¬ 
tor.  Or  if  you  do  not  know  who  he  is,  write  us 
and  we  will  put  him  in  touch  with  you.  And, 
for  good  measure,  we  will  send  along  a  copy 
of  the  Mallory  Catalog  for  ready  reference. 
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I  GARCIAS  ...  At  the  recent  AIEE-IRE  meeting  in 
Kew  York  City,  Brigadier  General  F.  E.  Stoner, 
direc  tor  of  the  Army  Communications  Division,  Sig¬ 
nal  Corps,  paid  a  fine  compliment  to  the  many 
lit  hind-the-lines  communications  engineers  design¬ 
ing'  and  producing  electronic  equipment  for  the 
krmed  services.  He  told  of  the  Army  major  who  got 
I  medal  for  taking  a  message  to  Garcia  in  another 
war.  “In  this  war,”  said  the  General,  “there  are 
■  thousands  of  soldiers  carrying  thousands  of  mes- 
s  to  thousands  of  Garcias.”  After  the  war  some 
;  means  must  be  found  for  letting  the  rest  of  the 
:  nation  know  how  electronic  men  in  the  many  labora¬ 
tories  and  factories  and  communications  systems 
j^ave  made  possible  the  carrying  of  these  messages 
A  ith  accuracy,  speed  and  security. 

>  M.ARCH  8  ...  As  of  this  date,  the  President  signed 
j  the  bill  merging  Western  Union  and  Postal  Tele- 
!  graph.  Thus,  in  time,  the  United  States  will  have  a 
1  single  integrated  land-line  communications  system 
I  for  telegraph.  Chairman  Fly  of  FCC  prophesied  that 
the  merger  would  result  in  better  telegraph  service. 

“You  see,”  he  said,  “the  great  difficulty  in  having 
parallel  lines  under  different  management  is  that 
you  can’t  use  vacant  capacities  as  they  occur,  but 
where  the  telegraph  is  under  a  single  management 
you  can  fall  back  on  whatever  facilities  and  per¬ 
sonnel  you  have  that  can  be  adapted  to  the  par¬ 
ticular  need.” 

►S\  MBOLS  .  .  .  People  growing  up  in  different  and 
widely  spaced  parts  of  the  world  developed  their  own 
languages.  In  a  smaller  way,  electrical  engineers 
working  in  radio  and  in  power  fields  have  developed 
their  own  languages,  much  of  which  is  moderately 
unintelligible  to  each  other.  A  generator,  for  exam¬ 
ple,  means  only  a  piece  of  rotating  equipment  to  a 
power  man;  although  to  a  radio  engineer  it  may 
mean  a  tube  oscillator.  Even  the  symbols  which  these 
two  branches  of  electrical  engineering  employ  in 


their  blueprints  are  not  alike.  A  zigzag  line  to  a 
radio  engineer  is  a  resistor;  to  a  power  engineer  it 
is  an  inductor. 

In  this  issue,  Mr.  Dudley  surveys  this  situation, 
pointing  out  the  similarities  and  the  differences. 
Because  of  the  long  standing  practices  to  which  engi¬ 
neers  have  become  accustomed  there  is  little  likli- 
hood  that  the  differences  will  be  reduced  during  the 
war.  Which  proves,  probably,  nothing  but  that  engi¬ 
neers  are  people  like  the  rest  of  us,  agreeing  on  big 
things,  disagreeing  on  trifles. 

►  AMEN  ...  On  March  2,  FCC  announced  following 
terminology  defining  the  bands  in  the  useful  radio 
spectrum. 


Frequency  in  KC 


Designation 


10  to 

30 

Very  Low  (VLF) 

30  to 

300 

Low  (LF) 

300  to 

3,000 

3 

Medium  (MF) 

3,000  to 

30,000 

30 

High  (HF) 

30,000  to 

300,000 

300 

Very  High 

(VHF) 

300,000  to 

3,000,000 

3,000 

Ultra  High 

(UHF) 

3,000,000  to 

30,000,000 

30,000 

Super  High 

(SHF) 

►  FCC  .  .  .  Narrowly  escaping  starvation  or  at  least 
a  drastic  budget  cut  when  a  move  was  made  in  the 
House  to  eradicate  its  1944  fiscal  year  $7,609,914 
appropriations  from  the  Independent  Officers  Supply 
Bill,  FCC  was  saved  by  Speaker  Rayburn  in  his  first 
speech  in  this  session  of  Congress. 

►  DREAM  .  .  .  We  woke  up  the  other  night  from  the 
damndest  dream  in  which  we  were  saying  to  some¬ 
one,  whose  identity  w’as  lost  in  the  shuffle,  “It  is  the 
strangest  thing  how  the  manufacturers  who  have 
the  best  products  and  the  swellest  catalogs  always 
get  their  information  to  you  just  after  you  have  been 
forced,  by  time  limitations,  to  order  your  stuff  from 
someone  else.”  W’e  haven’t  the  remotest  idea  what 
was  going  on  in  our  subconscious  mind  to  bring  forth 
such  an  illuminating  statement. 


How  for  the  Nary  hcu 
gone  with  radio  com¬ 
munication  may  be  seen 
by  looking  oTer  this  NSF* 
NOF  apparatus  of  20 
years  ago.  This  is  on 
early  superheterodyne 
used  for  communication 
with'  planes.  Old  timers 
will  recognise  on  the  top 
shelf  the  two-stage  audio 
amplifier  (SE  1000)  which 
amplified  so  well  at  1000 
cycles  it  wanted  to  oscil¬ 
late  all  the  time.  Assigned 
to  find  out  why.  Hozeltine 
started  on  his  way  to  the 
Neutrodyne.  Lower  center 
is  the  celebrated  SE  1420 
designed  by  Hoseltine 


Radio  and  Electronics 


From  the  earliest  days  of  “wireless,”  the  United  States  Navy  has  made  wide  use  of  radio 
for  communication.  Through  its  own  research,  the  Navy  has  made  important  contributions 
to  the  application  of  electronics  to  communication  and  to  other,  now  secret,  uses.  A  brief 
history  plus  details  of  the  present  Navy  radio  organization  under  the  Bureau  of  Ships 


.  Comdr.  U8NR. — Ojfflcer  in  Charge 
Training  and  Publications  Section 
Radio  Jtirision,  Iturcau  of  Ships 
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Trantmitters  weren't  so 
hot  in  those  days  either, 
compared  to  modern 
standards.  This  is  rear 
view  of  NSF  "table 
model" 


An  aircraft  job.  This  is 
the  SE  1100  tube  trans¬ 
mitter  dating  back  to  De¬ 
cember  1919 


the  Navy 


using  both  plate  and  grid  tun¬ 
ing. 

Development  of  radio  telephone 
equipment.  This  was  first  used 
in  1916.  The  original  equipment 
had  a  range  of  30  miles,  used 
three  wavelengths,  and  per¬ 
mitted  nine  simultaneous  con¬ 
versations. 

Design  of  apparatus  for  remote 
control  of  radio  stations,  for 
automatic  rebroadcasting. 

Investigations  into  tuned  audio 
frequency  amplifiers  to  reduce 
static,  underground  and  under¬ 
water  antennas,  and  methods  of 
using  contact  detectors  for 


The  interest  of  the  Navy  in  radio 
dates  back  to  1901,  when  a  proposal 
was  made  to  replace  homing  pigeons 
with  wireless  telegraphy.  In  1902, 
an  offer  from  the  Marconi  Company 
to  lease  equipment  was  turned  down 
because  the  transaction  involved 
disclosure  of  Naval  information  to 
a  foreign  concern.  In  1903,  a  satis¬ 
factory  arrangement  was  made  with 
another  company,  and  work  on  wire- 
les  installations  began.  By  1912  a 
number  of  stations  were  in  opera¬ 
tion,  the  huge  Arlington  transmitter 
had  been  completed  and  the  first 
Naval  purchase  of  triode  vacuum 
tubes — audions — is  recorded. 

The  early  research  work  in  Naval 
radio  was  undertaken  by  a  group 
of  Bureau  of  Standards  personnel, 
headed  by  Dr.  L.  W.  Austin.  Two 
small  rooms  at  the  Washington  Navy 
Yard  were  taken  over,  and  became 
the  radio  test  shop.  Here  trained 
odicer  and  civilian  assistants  were 
assigned  special  problems  in  the  de¬ 
sign,  standardization,  and  testing  of 
communications  equipment. 

The  advent  of  the  first  world  war 
brought  increased  responsibility  to 
these  men  and  the  others  concerned 


gently  needed.  Among  the  achieve¬ 
ments  to  grow  out  of  the  cooperative 
effort  of  Naval  and  private  research 
during  this  first  World  W'ar  were 
the  following: 

Design  of  radio  equipment  for  air¬ 
craft  having  100  to  500  miles 
range. 

Invention  of  the  directional  loop 
antenna  by  Dr.  F.  A.  Roister 
of  the  Bureau  of  Standards. 
This  device  was  manufactured 
in  secrecy  and  used  with  not¬ 
able  success  as  an  aid  to  navi¬ 
gation  and  to  locate  enemy  sta¬ 
tions. 

Invention  of  acoustic  methods  of 


rm-  I  with  Naval  radio.  Improved  equip-  detecting  submarines. 


measurement  of  small  r-f  cur- 


ment  and  new  developments  w’ere  ur-  Development  of  an  audion  circuit  rents. 
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Two  Tiews  of  a  1942  installation  oboard  ship.  Note  the  indiridual  receiTers  for  the  several 
bands  to  be  covered.  This  clean-cut  layout  is  in  marked  contrast  to  those  of  the  early  days 


By  the  end  of  the  war.  Naval  radio  to  adherence  to  certain  basic  policies, 
activities  had  increased  to  the  point  For  example,  the  only  projects  un- 
that  radio  materiel  officers  were  re-  dertaken  are  those  which  have  a 
quired  at  practically  all  Navy  Yards,  direct  value  to  the  Navy,  and  which 
Crystal  sets  had  given  way  to  crys-  are  sponsored  by  one  of  the  Naval 
tal-audion  arrangements  and  finally  bureaus.  The  research  work  is  ac- 
to  straight  vacuum  tube  receivers,  complished  by  eminent  scientists 
Spark  was  superceded  by  arc  and  the  from  civilian  life,  working  with  tech- 
Alexanderson  alternator.  The  trans-  nically  qualified  Naval  personnel, 
mitting  tube  was  coming  in,  acceler-  The  officer  personnel  is  changed  ev- 
ated  by  a  Navy  order  for  a  half  mil-  ery  two  to  four  years  so  that  men 
lion  dollars  worth  of  250-watt  types  trained  in  the  latest  scientific  devel- 
in  1919.  Progress  in  electronics  went  opments  may  be  with  the  fleet,  and 
rapidly  forward.  so  that  replacement  officers  may 

bring  practical  service  problems 
back  to  the  laboratories. 

Another  beneficial  policy  has  been 
The  year  1923  was  marked  by  the  to  enlist  active  cooperation  from  the 
opening  of  the  Naval  Research  Lab-  research  laboratories  of  universities 
oratory  at  Anacostia,  D.C.  This  lab-  and  industrial  plants  throughout  the 
oratory  filled  a  long  felt  need  for  country.  More  than  seventy  colleges 
increased  facilities  to  carry  on  de-  and  industries  have  furnished  inval- 
velopmental  work  in  electronics  and  uable  technological  assistance  in 
in  other  fields.  This  organization,  electronics. 

and  the  two  later  laboratories  at  San  A  listing  of  a  few  of  the  achieve- 
Diego  and  New  London,  are  re-  ments  of  the  Naval  Research  Lab- 
sponsible  in  large  measure  for  the  oratory  should  prove  of  interest. 
Navy’s  high  degree  of  preparedness  The  laboratory: 
in  electronic  design  before  the  out-  Designed  and  built  the  first  high 
break  of  the  present  war.  frequency  and  the  first  ultra 

The  succesful  history  of  these  Na-  high-frequency  radio  sets  used 
val  laboratories  has  been  largely  due  by  the  fleet. 


Developed  and  installed  in  the 
fleet  the  first  multiple  reception 
radio  system  permitting  the  op¬ 
eration  of  a  large  number  of 
receivers  from  one  small  an¬ 
tenna. 

Developed  the  technique  of  pro¬ 
ducing  quartz  crystals  for  the 
frequency  control  of  radio  trans¬ 
mitters,  and  designed  the  first 
crystal  controlled  high  fre¬ 
quency  high  power  transmitters 
in  1924. 

Designed  special  radio  transmit¬ 
ting  and  receiving  equipment 
for  the  U.S.S.  Shenandoah.  This 
was  the  first  high  frequency  ra¬ 
dio  equipment  ever  used  in  the 
air. 

Developed  the  sonic  depth  finder, 
the  first  successful  acoustical 
means  for  measuring  ocean 
depths  from  a  ship  under  way. 

Was  the  first  to  use  the  hull  and 
other  parts  of  a  ship’s  structure 
for  the  radiation  of  radio  en¬ 
ergy  without  a  conventional 
antenna. 

Assisted  in  the  development  of  di¬ 
rection  finding  units  used  in  all 
types  of  ships. 

Developed  an  underwater  sonic  de- 


Naval  Research  Laboratory 
Achievements 
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park  apparatus  oi  the  lost  war  hat  giTen  way  to  tube  transmitters,  crystal  detectors  to 
selectiTe  and  sensitiTe  tube  receivers ;  long  wares  to  intermediate  and  short  wares 
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vice  by  use  of  which  cruisers, 
destroyers,  and  other  anti-sub- 
marine  craft  are  enabled  to  de¬ 
tect  enemy  submarines  at  con¬ 
siderable  distances. 

Developed  a  system  for  the  radio 
control  of  aircraft  in  flight,  re¬ 
sulting  in  use  of  a  considerable 
number  of  obsolete  Naval  air¬ 
craft  as  targets  for  anti-air¬ 
craft  practice. 

Many  other  research  projects  have 
n  successfully  completed  which 
1  ot  be  discussed  here,  for  rea- 
ns  of  security. 

Today  electronics  means  to  the 
avy — in  addition  to  radio — under- 
ter  sound,  direction  finding,  con- 
1  of  electro-mechanical  systems, 
d  a  host  of  other  non-communica- 
on  services.  In  terms  of  design  it 
eans  forward-looking  ideas — and  a 
sense  of  what’s  practical.  This 
t  is  important.  Service  conditions 
I  tough.  Temperature  variations 
l^-  y  be  from  —40  deg.  to  +85  deg. 
and  humidity  from  low  values  up 
95  percent.  The  equipment  must 
built  to  withstand  the  corrosive 

I  on  of  salt  spray,  constant  vibra- 
on,  and  the  shock  of  gunfire.  It 
ust  be  built  to  take  all  the  rigours 


of  modern  warfare  and,  if  trouble 
develops,  must  be  capable  of  speedy 
repair  from  the  material  on  hand  at 
distant  bases. 

The  Navy  is  depending  to  an  ever- 
increasing  extent  on  radio  and  elec¬ 
tronics.  The  coordination  of  inten¬ 


sive  research,  skillful  engineering, 
and  careful  manufacture  is  making 
the  best  equipment  which  can  be 
produced,  available  to  the  fleet.  The 
men  who  design,  build,  and  operate 
this  complex  equipment,  contribute 
materially  towards  winning  the  war. 


Chief  of  ihe  Bureau  of  Ships 


Head  Radio 
Division 


Assts+an+s 


Assis+oint  Head 
Radio  Division 


Assistants 


Aircraft 

Design 

Procurement 

Installation 

and 

Branch 

Branch 

Branch 

Maintenance 

Branch 

Radio  and  electronic  matters  oi  the  U.  S.  Navy  are  handled  by  the 
Bureau  oi  Ships.  At  the  present  time  Captain  lennings  B.  Dow,  a  con¬ 
tributor  to  radio  technique  oi  long  standing,  is  head  oi  the  radio  division 
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effort. 


Rules  fob 


T  this  time  when  the  electronic 


industry  is  being  expanded  and 


pushed  for  ever-increasing  produc¬ 


tion  of  tubes  vital  to  our  war  effort, 


it  is  imperative  that  every  possible 


precaution  be  taken  to  prolong  the 


life  of  our  electronic  devices.  No 


longer  is  cost  the  prime  incentive.  It 


is  the  inability  to  obtain  a  replace¬ 


ment  for  an  important  tube  that  now 


induces  us  to  make  every  effort  to 


prolong  its  life. 


The  observations  and  experiences 


of  the  author  on  ways  and  means  to 


prolong  the  life  of  electronic  devices 


are  given  in  the  belief  that  this  in¬ 
formation  can  contribute  to  the  war 


Electronic  tubes  can  be  divided 
into  three  general  classifications, 

(1)  Pure  tungsten  filament  types 

(2)  Thoriated  tungsten  filament 
types  (3)  Oxide  coated  filament  and 
indirectly  heated  oxide  coated  cath¬ 
ode  types. 

The  golden  rules  of  the  tube  user 
should  be  these: 

(1)  Use  the  electronic  device 
within  its  ratings. 

(2)  Operate  the  tube  at  the  fila¬ 
ment  voltage  recommended  by 
its  manufacturer.  (Measure 
it — don’t  guess). 

(3)  Keep  the  tube  clean  at  all 
time  s — contact  terminals, 
glass  bulb,  and  anode  (if  wa¬ 
ter  cooled.) 


Carl  Wirtli,  test  op¬ 
erator  at  Westing- 
house  Lamp  Diri- 
sion.  demonstrortes 
one  method  of  re- 
moTing  hard  water 
precipitates  from  a 
rectifier  anode 


(4)  Supply  an  ample  cooling  me¬ 
dium  when  required. 

(5)  Neither  apply  filament  vol¬ 
tages  suddenly  nor  remove 
them  suddenly  except  as  per¬ 
mitted  by  the  manufacturers’ 
ratings. 

(6)  Do  not  apply  filament  and 
anode  voltages  simultan¬ 
eously  except  as  permitted  by 
the  manufacturer’s  ratings. 

(7)  Handle  this  device  carefully, 
as  sudden  shocks  will  prob¬ 
ably  damage  it. 

The  pure  tungsten  filament  types, 
for  example,  the  207,  891,  892,  893, 
895,  899A  and  898,  are  usually  de¬ 
signed  for  operation  at  about  2550 
deg.  Kelvin.  At  this  temperature  the 
evaporation  rate  of  tungsten  from 
the  filament  is  13.5  x  10  *  gram  per 
square  centimeter  per  second.*  If 
we  can  reduce  this  temperature  by 
only  50  deg.  and  yet  get  passable 
performance  we  can  more  than 
double  (theoretically)  the  useful 
tube  life  as  the  evaporation  rate  is 
then  6.36  x  10  *  gram  per  cm*  per 
second. 

Two  curves  are  shown  in  the  fig¬ 
ure.  One  curve  shows  the  expected 
tube  life  expressed  as  a  percentage. 
It  is  based  on  the  expected  life  at 
rated  filament  voltage  of  100  percent 
versus  rated  filament  voltage  ex- 

•  Jones  and  Langmuir — GE  Research  Lab. 
Report  Xo.  419. 


pressed  as  a  percentage.  The  oiher 
curve  shows  the  expected  emission 
versus  filament  voltage  and  again 
is  expressed  in  percentages. 

While  pure  tungsten  IVi  ament 
tubes  do  have  a  rated  voltage,  we 
may  express  as  a  generality  that 
“The  most  economical  filament  vol¬ 
tage  for  a  pure  tungsten  li  lament 
tube  is  the  lowest  voltage  which  per¬ 
mits  satisfactory  operation  ThiJ 
generalization  holds  true  within 
quite  wide  limits  but  it  would  bJ 
wise  to  point  out  the  restrictions 
and  precautions  which  should  be  ob 
served  in  its  application. 

When  used  as  an  oscillator  (tla.^s 
C  operation)  for  induction  heating, 
certain  minimum  power  output  re¬ 
quirements  are  usually  necessary 
To  find  this  most  economical  filament 
voltage  we  may  reduce  the  filament 
voltage  to  the  point  where  a  decided 
rise  in  either  the  cooling  radiate  r 
temperature  or  cooling  water  tere 
perature  takes  place.  If  the  mini 
mum  requirements  on  power  are  me: 
at  this  point  then  that  filament  voi. 
tage  will  be  the  most  economical. 

In  water  cooled  tubes,  if  the  fila¬ 
ment  voltage  is  reduced  too  far  the 
formation  of  steam  bubbles  at  the 
anode  surface  will  probably  dn.  r 
and  the  tube  may  be  permanently 
damaged  or  destroyed.  The  forma¬ 
tion  of  steam  bubbles  may  be  de¬ 
tected  by  placing  the  end  of  a  pieee 
of  long  insulating  tubing  against  the 
tube  radiator  and  listening  at  the 
other  end.  (Caution — A  good  ground 
should  be  used  on  the  end  of  the 
tubing  next  to  the  ear.)  When  steam 
bubbles  start,  the  sound  is  quite  dis¬ 
tinctive.  The  formation  of  these 
bubbles  may  be  prevented  by  a 
higher  velocity  water  flow  and 
making  certain  that  the  filament  \  i- 
tage  is  not  reduced  too  far.  F’t 
radiator  cooled  tubes,  one  may 
.serve  this  minimum  permis.sih^ 
filament  voltage  by  reducing  the  til:, 
ment  voltage  slowly  thus  giving  t- 
radiator  temperature  ample  time  n 
reach  an  equilibrium  temperature. 


April  i943  — ELECTR(rMi 


I 


SIPROLONGING  TuBE  LiFE 


a.iMin 

init-r.; 

e,  we 
that 
t  vol- 
umt'ni 
h  per-j 
ThiJ 
ivithin 
lid  bd 

A-tii 

be  ob-l 

(da?! 

■atniK', 

lut  re- 
Bssary 
lan’fi 
lanu‘1 
lecid 
idiat 
r  teir. 

I  min 
ire  me 
:nt  vol 
leal, 
he  fila 
far  th 
at  th 

’  OCCll 

anent'i 

forma 
be  de 
a  piet 
inst  th 
at  th 
groin 
of  th 
n  ste: 
jite  di? 
f  the 
I  by  a 
and  by 
lent  vol 
ar.  Fo 
may  ol 

•missibi'; 
the  fih 
ving  t! 
time 
mature. 


She 


an:|i 


This  increased  anode  dissipation 
5  the  result  of  an  increased  tube 
oltage  drop  during  the  conducting 
rtion  of  the  cycle,  that  is,  during 
time  the  grid  is  essentially  posi- 
ive  with  respect  to  the  cathode.  If 
he  filament  voltage  is  reduced  too 
ar,  the  tube  voltage  drop  may  be- 
ome  a  major  portion  of  the  total 
pplied  voltage  and,  therefore,  the 
uwer  dissipated  in  the  anode  may 
sufficient  to  melt  it  or  heat  it  to 
he  point  where  sufficient  gas  or 
letallic  vapors  would  be  released  to 
ermanently  damage  the  tube. 

DiitortioH  May  b*  Limiting  Factor 

For  the  triodes  used  to  provide  the 
airier  for  broadcast  stations,  an¬ 
ther  approach  is  necessary  to  de¬ 
ermine  the  correct  voltage  for  max- 
mum  tube  economy.  (We  may  no 
nger  use  the  same  method  as  that 
utlined  for  straight  oscillator  serv- 
ce  as  other  factors  have  to  be  con- 
idered.)  The  filament  voltage  may 
e  reduced  to  the  point  where  dis- 
rtion  or  harmonic  percentage  is 
t  the  maximum  permitted  when 
iiximum  modulation  is  being  used, 
he  voltage  may  then  be  increased 
1st  beyond  this  point. 

Let  us  examine  the  tabulations 
iven  in  the  table.  Under  the  normal 
lui  light  load  columns  for  tungsten 
'ament  types,  we  find  “100  percent” 
nd  “reduce.”  The  100  percent  value 
ay  be  considered  as  that  filament 
'Itage  which  satisfies  the  operating 
uiuiitions  as  set  forth  in  the  fore- 
ing  paragraphs.  For  conditions  of 
ight  or  reduced  load,  the  filament 
"Itage  may  be  reduced  to  the  point 
heir  the  same  operating  conditions 
It*  reached  for  that  reduced  load. 
Where  “hard”  water  is  used  for 
'^‘dini  tubes,  rule  3  should  be  ap- 
lied  rigorously.  With  hard  water  a 
iih*  that  is  essentially  lime  is 
imed.  This  should  be  removed 
<^nodically  as  it  reduces  the  tube’s 
"^^ipation  capabilities  which  in  turn 
n  cause  tube  destruction.  This 
ide  may  be  removed  by  the  careful 
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use  of  a  scraper  as  shown  in  the  il¬ 
lustration  or  by  immersing  the  anode 
(usually  copper)  in  a  10  to  25  per¬ 
cent  solution  of  hydrochloric  acid. 
The  acid  will  remove  the  lime  but 
does  not  attack  the  copper.  The 
anode  should  then  be  rinsed  thor¬ 
oughly  with  tap  water  to  remove  all 
traces  of  the  acid. 

Another  application  of  rule  3  is 
in  keeping  the  tube  contacts  clean 
and  particularly  the  filament  termin¬ 
als.  As  the  filament  currents  are 
usually  quite  high,  any  dirt,  lint,  or 
oxidation  presents  a  comparatively 
high  resistance  to  the  filament  cur¬ 
rent  with  resultant  heating  at  the 
contacts.  This  effect  becomes  cumu¬ 
lative  and  may  permanently  ruin  the 
tube.  Terminals  should  be  kept  tight 
at  all  times  and  occasional  polishing 
with  a  very  fine  polishing  agent  is 


desirable.  After  polishing,  the  ter¬ 
minals  should  then  be  wiped  with  a 
cloth  dampened  with  alcohol.  The 
glass  surfaces  should  also  be  cleaned 
periodically  with  an  alcohol  damp¬ 
ened  cloth.  This  prevents  the  forma¬ 
tion  of  sufficient  dirt  or  lint  on  the 
glass  surface  w’hich  promotes  tube 
punctures. 

An  insufficient  flow  of  water  can 
contribute  to  premature  tube  failure 
by  permitting  chronic  formation  of 
steam  at  the  anode  surface.  An  in¬ 
terlocking  switch  on  the  high  pres¬ 
sure  side  of  the  water  supply  will 
guard  against  water  supply  failure 
while  an  interlock  in  the  low  pres¬ 
sure  side  will  prevent  tube  damage 
due  to  foreign  matter  clogging  up 
the  water  jacket.  A  similar  inter¬ 
lock  should  always  be  used  in  the  air 
stream  of  an  air-cooled  installation. 

The  sudden  stresses  which  take 
place  in  the  filaments  and  filament 
leads  when  the  filament  voltage  is 


Percentage  oi  Rated  Filament  Voltage  to  be  Used  Under  Oper¬ 
ating  cmd  Stand-by  Conditions  to  give  Maximum  Filament  Life 


Operating 

Conditions 


Recommended  Stand-by  Conditions 


Normal 

load 

Tube  type  by  opera- 

kind  of  filament  tion 

Light 

load 

may 

increase 

life 

Under 
15  min. 

15  min. 
to 

2  hrs. 

2  hrs. 
to 

12  hrs. 

Over 

12 

hrs. 

Typical 

tube 

types 

1.  Tungsten  filament 
in  small  St  medium 

sized  tubes 

2.  Tungsten  filament 

100 

reduce 

80 

80 

off 

off 

207,  891R. 
892R 

in  large  tubes 

3.  Thoriated  tungsten 

100 

reduce 

80 

80 

80 

off 

895R,  899A, 
898 

types 

4.  Oxide-coated  direct 
heated  filament  (gas) 

100 

95-100 

80 

off 

off 

off- 

211,803,851 

(vapor) 

5.  Oxide-coated  heater 
cathode  types  (high 

100 

100 

100 

100 

off 

off 

866A,  872A 

vacuum) 

6.  Oxide-coated  heaters 
in  large  tubes  (mer- 

100 

95-100 

100 

80 

off 

off- 

807,  837 

cxiry  vapor) 

7.  Oxide-coated  quick 
heater  types  (high 

100 

100 

100 

100 

100 

off 

857B,  870 

vacuum) 

100 

95-100 

80 

off 

off 

off 

1619,1624, 

1616 
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The  lowest  possible  anode  voltage 
should  be  used  which  will  supply  the 
required  output.  This  is  always 
possible  when  the  required  power 
output  is  less  than  the  tube’s  maxi- 
mum  ratings.  Maximum  life  will  be 
obtained  if  the  filament  voltage  is 
held  between  95  and  100  percent  of 
its  rated  voltage.  A  violation  of  this 
rule  is  sometimes  accomplished  un¬ 
knowingly  by  users  of  short-wave 
diathermy  equipment.  The  voltage 
fluctuations  of  well  controlled  power 
systems  are  usually  within  plus  or 
minus  5  percent  but  the  transformer 
taps  usually  provided  by  the  manu¬ 
facturers  of  such  equipment  may  not 
be  adjusted  or  adjustable  for  the  line 
voltage  of  the  user.  Such  maladjust¬ 
ments  in 


addition  to  line  voltage 
fluctuations  can  easily  reduce  the 
tube  life  appreciably.  The  users  of 
diathermy  equipment  can  prolong 
the  life  of  their  tubes  by  observing 
the  rules  given.  Be  sure  the  output 
controls  are  set  at  their  minimum 
value  before  turning  the  equipment 
on  or  off.  The  output  control  should 
be  advanced  slowly  from  its  mini¬ 
mum  setting  up  to  that  adjustment! 
for  the  heat  required. 


Percent  of  Rated  FUament  Voltoge 


In  this  way 

that  at  beginning  tube  operate,  at  2550 “K  wiUi  rated  Toltage;  that  lUe  ic  will  be  operating  under 

ended  when  iiloment  current  has  been  reduced  10  percent  by  eroporation  best  conditions  possible  Thert 

applied  or  removed  suddenly  can  lead  not  be  set  at  a  point  which  would  is  a  maximum  output  setting  and 
to  premature  failure,  especially  in  permit  line  voltage  fluctuations  to  beyond  this  point  the  output  again 
the  larger  size  tubes. 

facturers  limit  the  starting  current  where 


lower  the  filament  voltage  to  a  point  goes  down,  but  the  tubes  are  “over 
the  rectifier  voltage  drop  coupled”  to  the  load  and  thus  operate 
to  150  percent  of  the  rated  current  would  be  sufficiently  high  to  cause  inefficiently  and  have  shorter  life, 
on  the  larger  tubes  and  it  is  well  to  tube  punctures.  The  care  and  operation  of  gaseous 

heed  this  limit  by  using  a  starting  tubes  was  given  by  D.  E.  Marshall 

device.  For  small  size  tubes,  the  fila-  *“'**  Thoriattd  Tungsten  Filaments  ^  ^  Watrous  in  the  January 
ment  transformers  are  usually  de-  The  thoriated  tungsten  filament  1942  issue  of  Electronics  and  will 
signed  to  limit  the  maximum  start-  types  such  as  the  types  803,  833,  211,  not  be  covered  in  this  paper.  If  we 
ing  currents  to  from  200  to  300  per-  810,  806,  849,  860  and  861,  require  a  assume  that  all  of  the  precautions 
cent  of  the  rated  filament  current.  different  handling  to  obtain  an  in-  outlined  in  that  paper  are  oh.'^erved. 

In  the  table  the  recommended  fila-  creased  useful  life.  In  the  table  we  the  user  of  gaseous  tubes  may  fur- 
ment  voltages  for  stand-by  condi-  may  note  that  the  rqpommended  fila-  ther  prolong  the  tube  life  by  observ- 
tions  show  80  percent.  This  value  ment  voltage  during  operation  is  ing  the  recommended  filament  vol- 
was  selected  as  it  reduces  the  tung-  never  under  95  percent.  If  a  thori-  tages  given  in  the  table, 
sten  evaporation  to  a  negligible  fac-  ated  tungsten  filament  is  operated  The  high  vacuum  oxide  cathode  or 
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RECORDING  UNIT 
or  Strain  and  Timing  Functions 


)vnamic  performance  of  heavy  machines  under  actual  operating  conditions  in  the  field 
;an  be  permanently  recorded  hy  combination  of  electronic  and  photographic  equipment, 
yiethod  particularly  useful  where  shop  tests  cannot  he  made,  or  where  unusual  operating 
:onditions  occur  infrequently.  An  important  application  in  industrial  electronics 


Bucynis-Erie  Co., 
South  Milwaukee,  Wise. 


Dummy 


Dynamic  strain  measurements  on 
machines  and  structures  have 
long  been  recognized  as  an  import¬ 
ant  supplement  to  design  computa¬ 
tions.  New  methods  are  constantly 
developed  to  make  dynamic  field 
measurement  more  accurate,  com¬ 
plete,  and  reliable. 

In  cases  where  the  designing  en- 
pneer  has  no  accurate  means  of  esti¬ 
mating  the  forces  acting  on  his  prod¬ 
uct,  it  is  imperative  to  check  esti¬ 
mates  and  designs  by  field  measure¬ 
ments  when  the  unit  is  under  actual 
working  conditions.  This  is,  per- 
laps,  particularly  true  in  the  case  of 
lieavy  excavating  equipment  where 
:he  machines  are  subjected  to  con¬ 
siderable  impact  loads  and  rather 
;omplicated  dynamic  phenomena  oc- 
;ur.  Shop  tests  are  not  possible  in 
many  cases  because  of  the  size  of  the 
machines  and  because  proper  test 
;onditions  cannot  be  obtained. 

The  equipment  described  in  this 
)aper  was  built  to  record  the  per¬ 
formance  of  machines  under  actual 
)perating  conditions  in  the  field.  It 
ends  itself,  however,  quite  readily 
;o  laboratory  use  or  to  a  direct  read- 
ng  instead  of  a  recording  unit. 

The  first  requirement  is  the  ac- 
urate  measurement  of  strains — be  it 
'or  determining  stresses  in  struc- 
ural  elements  or  for  the  determina- 
ion  of  forces  by  means  of  calibrated 

A  typical  example  is  the  investi-  tion  wl 
Of  almost  equal  importance  is  the  gation  of  the  behavior  of  a  fluid  applied, 
nea.'urement  of  instantaneous  shaft  drive  on  an  excavator. 
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FIG.  1 — Schematic  wiring  diagram  oi  bridge  circuiti  (oboTe)  and  bridge  control 
circuit  (below).  Bridge  circuit  at  left  is  used  ior  recording  strain;  that  at  right  ior 
recording  Tibration.  Bridge  circuits  are  mounted  on  machine  under  test,  and  con¬ 
nected  to  control  circuit  through  shielded  trailing  coble 


Frequencies  of  mechanical  vibra¬ 
tions  on  heavy  machinery  may  run 
^nd  the  recording  of  the  functions  and  simultaneously  to  make  possible  as  high  as  50  to  100  cps  and  impact 
he  machine  is  performing.  the  analysis  of  the  transient  condi-  features  may  require  the  recording 


lectronics 


Bridge  signal 


TO  elecfronic  swifrh 


FIG.  2 — Modified  wiring  diagram  of  amplifier  lued  in  strain  recorder 


of  strains  of  a  few  thousandths  of  a 
second  duration.  Thus,  the  severe 
requirements  with  respect  to  speed 
of  recording  cannot  be  met  by  me¬ 
chanical  recorders  because  of  their 
inertia  distortions.  Only  entirely 
electronic  equipment,  in  combination 
with  photographic  recording,  is 
suited  for  these  purposes. 

Natur*  of  Apparatus 

The  entire  set  of  equipment  was 
designed  to  work  from  a  110  volt  a-c 
power  supply.  Where  good  voltage 
regulation  cannot  be  obtained,  a  vol¬ 
tage  stabilizer  is  employed  to  fur¬ 
nish  constant  voltage. 

When  choosing  the  equipment  for 
this  recording  unit  it  was  attempted 
to  utilize  standard  equipment  as  far 
as  possible.  In  many  instances  ap¬ 
paratus  designed  for  quite  a  differ¬ 
ent  purpose  was  adapted,  certain 
changes  being  made  when  required. 
Although  the  entire  set  works  very 
satisfactorily,  several  improvements 
and  simplifications  could  be  made. 

Principle  of  Operation 

Measurements  of  strain,  as  well 
as  measurements  of  small  motions, 
such  as  the  compression  of  a  rubber 
shock  absorber,  are  made  by  the  un¬ 
balance  of  a  bridge  circuit.  The  func¬ 


tional  arrangement  of  the  bridge 
network,  is  shown  in  its  basic  form 
in  Fig.  1,  the  bridge  arms  being 
mounted  at  the  seat  of  the  disturb¬ 
ance  to  be  measured.  By  means  of 
flexible  trailing  cable  the  network  is 
connected  to  the  bridge  control  con¬ 
sisting  of  power  source,  detector, 
and  final  balancing  circuit.  In  op¬ 
eration,  the  bridge  network  is  almost 
completely  balanced  for  the  quies¬ 
cent  conditions  of  the  equipment 
under  test.  The  presence  of  dynamic 
variations  of  this  equipment  results 
in  an  unbalance  which  may  be  com¬ 
pensated  for  by  adjustments  of  the 
bridge  balancing  control. 

For  the  measurement  of  strain, 
two  arms  of  the  bridge  are  composed 
of  SR-4  bonded  metalectric  strain 
gage  resistance  units.*  Since  these 
gages  make  use  of  strain  sensitive 
resistance  wire,  their  resistance  un¬ 
dergoes  variations  when  the  wire  is 
stressed.  The  remaining  two  arms 
are  fixed  resistors  of  such  resistance 
as  to  almost  completely  balance  the 
bridge.  Through  the  use  of  such 
bridge  circuits,  conduction  is  metal¬ 
lic  throughout,  and  connections  can 
be  soldered,  which  makes  the  use  of 
these  gages  extremely  accurate  and 


•  Spp  Bulletin  164,  Baldwin  Southwark  <'o., 
Philadelphia. 


reliable.  Gages  with  a  remarkably 
low  temperature  coefficient  are  avail¬ 
able,  so  that  change  in  ambient  tem¬ 
peratures  do  not  affect  the  readings. 

When  a  small  motion,  like  the  com¬ 
pression  of  a  rubber  shock  absorber 
is  to  be  measured  instead  of  a  strain, 
a  bridge  circuit  with  a  sliding  con¬ 
tact  actuated  by  the  motion  being 
analyzed,  is  employed  in  place  of  the 
strain  gages. 

The  schematic  diagrams  of  both 
types  of  bridge  circuits  are  shov^m  in 
Fig.  1.  The  bridge  control  circuit, 
which  is  the  same  for  either  form  of 
bridge,  is  shown  at  the  bottom  of 
of  Fig.  1.  Connections  between  the 
bridge  and  control  circuits  are  made 
with  a  three-conductor  cable,  en¬ 
cased  in  a  grounded  shield  which 
serves  as  the  fourth  conductor. 

Measuring  Strains 

The  measuring  equipment  to  be 
used  in  connection  with  the  strain 
gages  had  to  be  designed  for  a  wide 
range  of  frequency — from  zero  to 
several  hundred  cycles  per  second. 
As  d-c  amplifiers  with  such  a  fre¬ 
quency  response  combined  with  small 
zero  drift  are  not  commercially 
available,  it  was  decided  to  use  an 
amplitude  modulation  scheme  with  a 
modulation  frequency  from  300  to 
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1000  cps.  Gages  and  dummies  are  pacitors.  Double  throw  switches  are  the  errors  being  one  to  two  percent 
tiiran^red  in  a  Wheatstone  bridge  used  to  reverse  the  fixed  and  variable  at  the  maximum  loads, 
ind  the  bridge  balance  detector  is  a  resistors  and  capacitors  with  respect  If  two  strain  functions  are  to  be 
^athode-ray  oscillograph,  to  the  two  bridge  arms.  recorded  simultaneously,  two  identi- 

1  The  modulation  frequency  is  fur-  Due  to  the  symmetrical  arrange-  cal  bridge  sets  and  an  electronic 


iished  by  a  beat  frequency  oscillator,  ment  of  the  bridge  and  the  control  switch  are  employed.  This  switch 
The  6L6  power  stage  of  a  Thordar-  unit,  the  effect  of  frequency  upon  the  connects  the  signals  alternately  with 
ion  T30W08  amplifier  is  employed  balance  setting  is  relatively  small,  the  input  of  the  cathode-ray  oscillo- 
jo  supply  the  necessary  power  to  the  If  only  one  strain  function  is  to  graph.  The  switching  frequency  is 
iiidgc.  The  output  is  adjusted  for  a  be  recorded,  the  bridge  signal  is  fed  chosen  somewhat  below  one  half  of 

1*rtge  current  of  about  0.025  ampere,  directly  into  a  cathode-ray  oscillo-  the  modulation  frequency  so  that  at 
11  general,  less  than  one  watt  is  re-  graph.  The  amplitude  of  the  result-  least  one  full  wave  of  each  strain 
sired  and  this  power  can  be  ob-  ing  wave  is  proportional  to  the  strain  function  is  recorded.  A  modulation 
nned  without  appreciable  distortion,  to  which  the  gages  are  subjected,  frequency  of  600  cps  and  a  switch- 
Usually,  two  active  and  two  Linearity  is  very  good  throughout  ing  rate  of  250  double  reversals  per 
srnmy  gages  make  up  the  bridge,  the  range  of  measurements.  For  cali-  second  make  a  very  good  combina- 
he  dummy  gages  substantially  re-  bration  purposes  the  resistance  off-  tion  for  average  strain  recordings, 
see  temperature  effects,  permitting  set  on  the  decade  box  corresponding  The  amplification  following  the 
he  use  of  higher  sensitivity  gages  to  a  certain  strain  is  computed  and  electronic  switch  is  limited  by  the 
lith  inherently  higher  temperature  the  resistance  at  balance  is  changed 


efficients.  The  four  bridge  arms 
re  arranged  and  almost  perfectly 
danced  near  the  place  of  strain 
asuring.  Three  leads  and  a  shield 
tablish  the  connections.  Two  leads 
d  the  bridge,  while  one  lead  and 
he  shield  carry  the  signal.  The  leads 
-IS  do  not  form  integral  parts  of 
he  bridge  arms  and  difficulties  due 
p  distributed  capacity  are  greatly 
nluced.  Since  small  changes  in 
Hd  re-sistance  do  not  affect  the  sig- 
1.  plug  connections  can  be  used  be- 
bridge  and  control  box.  The 
hields  are  grounded  to  prevent  stray 
'  k-up.  Ground  is  established  at 
lie  point  only,  usually  near  the 
a^es,  and  ground  loops  are  avoided. 

I  Final  balancing  is  achieved  at  the 
pntrol  box.  Resistance  balancing  is 
^’ained  by  a  large  fixed  resistor  in 
|iunt  with  one  arm  of  the  bridge 
hi  a  variable  resistor  of  similar 

taynitude  across  the  adjoining  arm, 
e  common  point  being  ground.  To 
;  ilitate  calibration,  a  decade  box 
i  employed  as  the  variable  resistor, 
i  small  fixed  capacitor  across  one 
Tm  and  a  variable  capacitor  across 
adjoining  arm  are  provided  for 
phase  balancing.  Again  ground 
■  the  common  point  of  the  two  ca- 


by  this  amount.  At  high  frequencies 
the  calibration  is  made  by  shunting 
a  dummy  gage  by  a  large  fixed  re¬ 
sistor,  and  computing  the  corres¬ 
ponding  strain.  The  amplifier  gain 
is  then  adjusted  so  that  the  deflection 
on  the  screen  assumes  the  desired 
value.  The  calibration  deflection  is 
photographed  before  the  test  so  that 
the  scale  on  the  film  can  be  deter¬ 
mined  easily. 

Dircefioii  of  Strain 

Where  distinction  between  posi¬ 
tive  and  negative  strain  is  required, 
an  initial  deflection  is  produced  by  a 
certain  resistance  offset.  An  increase 
in  deflection  then  indicates  a  strain 
of  one  sign  and  a  decrease  a  strain 
of  opposite  sign. 

Without  special  precautions  a  sen¬ 
sitivity  can  be  obtained  whereby  a 
strain  of  7x10  *  (corresponding  to 
about  200  pounds  per  square  inch 
stress  in  steel)  causes  0.1  inch  de¬ 
flection  on  the  oscillograph  screen. 
This  deflection  produces  a  trace  dis¬ 
placement  of  0.01  inch  on  the  film 
and  can  be  detected  without  magni¬ 
fication,  Tests  have  shown  that  the 
accuracy  of  recording  is  very  high. 
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FIG.  3  Photograph  of  gat  discharge  tube  used  in  making  timing  traces 
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FIG.  4 — Electronic  relay  circuit  for  control 
of  gas  discharge  tubes.  If  seTeral  gas 
tubes  are  to  be  controlled,  a  6SN7-GT  tube 
may  be  used  to  replace  two  6I5-GT  tubes 
in  the  above  circuit 


permissible  tailings.  Therefore,  the 
bridge  signal  must  be  amplified  be¬ 
fore  reaching  the  electronic  switch. 
For  this  purpose  the  second  6J7 
stage  of  the  Thordarson  T30W08 
amplifier  is  employed.  This  stage  is 
available  in  these  amplifiers,  but  not 
required  for  feeding  the  bridge.  Be¬ 
sides  the  separation  of  the  stages, 
some  measures  had  to  be  taken  to  re¬ 
duce  the  60  cps  pick-up  in  the  6J7 
stage.  The  schematic  diagram  of 
the  amplifier,  as  modified  for  our 
use,  is  shown  in  Fig.  2. 

In  many  cases  it  is  desirable  to 
follow’  the  general  trends  of  the 
strains  while  records  are  being 
taken.  For  this  purpose  the  modified 
first  6J7  stage  of  the  Thordarson 
amplifier  is  used  in  connection  with 
a  6H6  rectifier  tube  and  a  spotlight 
galvanometer.  This  galvanometer 
has  fast  response  and  while  it  can¬ 
not  follow  the  peaks  of  short  dura- 
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lamps  are  preferred,  inasmuch! 


tion  strains,  it  gives  the  one  second  dependent  of  the  110  volt  power  neon 
average  very  closely  and  thus  serves  supply.  as  h 

as  a  good  indicator.  Any  irregularity  way, 

shows  up  immediately  on  the  gal-  Recording  of  Timing  Functions 

vanometer  and  hence  the  danger  of  Timing  functions,  such  as  revolu-  thus 
failure  in  test  procedure  is  greatly  tions  or  clutch  positions,  are  marked  Tl 
reduced.  Since  the  first  6J7  stage  by  the  light  of  a  special  bulb.  A  pow 
is  used  in  cascade  with  the  second,  very  small  gas  discharge  tube,  which  tran 
enough  sensitivity  is  available  on  flashes  instantaneously  when  the  vol-  a  si 
the  galvanometer  to  balance  the  tage  is  applied,  has  been  developed  light  flashes  are  controlled  by  a 
bridge.  This  makes  it  unnecessary  for  this  purpose.  A  photograph  of  electronic  relay  circuit,  scheirat 
to  disturb  the  light  shield  arrange-  one  of  these  tubes  is  shown  in  Fig.  diagram  for  which  is  shown  in  F: 
ment  for  checks  on  drift.  3.  Both,  argon-mercury  and  neon  4.  The  voltage  across  the  con' act 

Where  static  or  slowly  varying  tubes  proved  satisfactory.  The  ar-  of  this  cathode  bias  control  ciic, 
strains  are  to  be  observed  and  a  gon-mercury  type,  with  blue  light,  is  only  30  volts  and  since  the  cui  it; 
photographic  record  is  not  required,  has  a  somewhat  higher  actinic  value  flowing  is  less  than  10  milliamint 
the  galvanometer  can  be  used  to  than  the  neon  lamps  which  emit  an  the  arrangement  is  entirely  hn  m! 
great  advantage.  The  a-c  modula-  orange  colored  light.  Due  to  difficul-  and  contactors  stay  perfectly  cha 
tion  bridge  supply  is  then  replaced  ties  in  keeping  impurities  out  of  In  order  to  ascertain  flashing  at  In 
by  some  dry  cell  batteries.  The  mercury,  bulbs  containing  a  small  temperatures  the  circuit  is  such  th 
amount  of  equipment  is  thus  greatly  amount  of  it  have  a  shorter  life  time  the  lamps  maintain  a  small  glow  a: 
reduced  and  the  entire  setup  is  in-  than  those  without  it.  In  general,  intensify  their  emission  when  c 


FIG.  5 — Typical  itroiB  and  timing  roeords  obtoinnd  with  the  equipment  described  in  this  article 
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Q  Two  independent  strain  iunctions  recorded  simultaneously 
with  axes  displaced,  each  trace  symmetrical  about  its 
axis.  Normal  film  speed.  Various  timing  iunctions  ot  top 


^  Timing  function  provided  by  three  lamps  actuated  by 
contacts.  120  deg.  opart  on  some  shoit.  Reversal  of  rota¬ 
tion  shown  in  top  record.  Vibration  of  rope  after  it  foils 
over  wrap  shown  in  bottom  strain  function 


Q  Stroln  function  shows  impact  on  rope  due  to  sudden  Q  Two  independent  strain  functions  recorded  at  slow  iilo 
oppRcation  of  brake  while  lowering.  Timing  as  above  speed.  Various  timing  function  at  top 
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for  film  Identification 


To  //  contactors  for 
-  Hming  functions- 
common  ground 


FIG.  6 — Block  diagram  oi  entire  equipment  used  in  making  strain  and  timing  analyses  oi  machinery 


j  tact  is  made.  The  electronic  relay 
:  arrangement  is  also  provided  with 
5  manual  contactors  so  that  records 
;  can  be  identified  by  means  of  the  gas 
^  discharge  tubes. 

Photogrophieg  Strain  and  Timing 
Fnnctions 

j  For  making  permanent  records  of 
i  strain  and  timing  functions,  the 
I  traces  of  the  cathode-ray  oscil- 
I  loscope  and  the  flashes  from  the  tim¬ 
ing  lamps  are  recorded  simultan¬ 
eously  upon  photographic  film.  The 
available  width  of  the  film  is  about 
equally  divided  between  the  traces 
made  by  the  oscilloscope  and  the 
traces  made  by  the  flashing  neon 
lamps.  The  images  of  the  two  traces 
due  to  strain  measurements  are  ob¬ 
tained  from  alternate  traces  of  the 
oscilloscope,  an  electronic  switch 
being  used  to  change  from  one  to  the 
other.  The  zero  lines  of  the  two 
modulated  waves  which  are  obtained 
in  double  strain  recordings  are  dis- 
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placed  by  only  one  fifth  of  the  screen 
width  so  that  even  for  small  ampli¬ 
tudes,  the  traces  from  the  two  func¬ 
tions  overlap.  However,  the  two 
traces  are  easily  identifiable  and  can 
be  separated  from  one  another  since 
each  trace  is  symmetrical  about  its 
zero  or  reference  axis. 

Twelve  neon  lamps  of  the  type 
already  described  are  arranged  in 
a  small  box  on  top  of  the  oscilloscope 
in  such  a  manner  that  their  traces 
may  be  photographed  simultaneously 
with  the  trace  from  the  oscilloscope. 
One  lamp  is  used  to  provide  timing 
marker  signals  derived  from  a 
metronome.  The  remaining  lamps 
are  available  for  recording  as  many 
as  eleven  various  functions,  and  for 
identification. 

A  number  of  typical  strain  and 
timing  traces  are  shown  in  Fig.  5. 

Camera  Arrangement 

A  professional  35-mm  camera  of 
400  ft.  film  capacity  is  used  for  the 


recording.  The  shutter  was  removed 
and  the  driving  mechanism  was  ar¬ 
ranged  for  continuous  film  propell¬ 
ing.  The  camera  is  driven  by  a  gov¬ 
ernor  controlled  variable  speed  mo¬ 
tor.  Usually  a  film  speed  of  six 
inches  per  second  is  considered  suf¬ 
ficient  for  recordings  of  heavy  ma¬ 
chinery  performance.  This  results  in 
an  effective  running  time  of  at  least 
twelve  minutes  per  400  feet  of  film. 
An  //3.5  lens  stop  proved  to  be  of 
ample  strength  for  these  recording 
purposes.  The  use  of  Eastman  Super 
XX  film  permits  photographing  with 
a  relatively  low  intensity  on  the  os¬ 
cillograph  screen  which  is  an  im¬ 
portant  factor  in  increasing  the  life¬ 
time  of  the  tube. 

Oscillograph  and  camera  are  held 
in  relative  position  by  a  wooden 
frame.  A  tubular  shield  between 
the  oscillograph  and  the  camera  lens 
keeps  out  all  outside  light.  Two 
slides  are  provided  to  facilitate  ob- 
(Continued  on  page  11 U) 


Graphical  Symbols 


Compilation  of  the  graphical  symbols  most  commonly  encountered  in  the  electronics 
field  is  presented  as  a  war  aid  in  interpreting  schematic  wiring  diagrams.  On  the  following 
three  pages  the  symbols  used  differently  in  the  various  fields  are  indicated 


A  SCHEMATIC  wiring  diagram  bution  of  appreciable  amounts  of  two  or  more  symbols  are  commonly 
may  be  thought  of  as  the  tech-  electric  power,  while  the  engineer  in  encountered  as  representing  the 
nician’s  short-hand  method  of  indi-  the  power  plant  was  seldom,  if  ever,  same  circuit  element,  the  alternative 
eating  the  inter-relationship  of  the  concerned  with  electron  tubes  or  sketches  are  indicated.  Symbols  for 
various  elements  of  an  electrical  de-  communication  equipment.  But  as  electron  tubes  are  fairly  well  stand- 
vice.  The  various  elements  are  indi-  each  field  expanded  and  drew  upon  ardized.  The  only  differences  nor- 
cated  in  the  diagram  by  graphical  the  techniques  and  practices  of  ad-  mally  found  are  those  minor  ones 
symbols  which,  through  customary  jacent  fields,  it  became  evident  that  indicating  the  manner  in  which  a 
use  and  widespread  adoption  be-  the  various  groups  of  electrical  engi-  grid  or  filament  is  drawn.  These 
came  more  or  less  standardized,  neers  were  speaking  different  dia-  discrepancies  cause  no  confusion, 
When  such  individual  symbols  are  lects.  In  a  few  instances,  they  might  and  could  be  standardized, 
properly  coordinated  in  a  schematic  even  be  said  to  speak  in  different  In  the  preparation  of  this  mate¬ 
drawing,  the  diagram  serves  either  languages,  for  the  graphical  symbols  rial,  some  two  dozen  associations  and 
as  (1)  a  condensed,  compact  set  of  not  only  lacked  consistency,  but  organizations  most  likely  to  be  con- 
instructions,  indicating  the  func-  sometimes  the  same  symbol  was  cerned  were  asked  to  indicate  the 
tional  operations  which  must  be  used  in  different  branches  to  repre-  standards  they  had  established  or 
carried  out  to  construct  the  electri-  sent  completely  different  circuit  customarily  used.  Replies  indicated 
cal  device,  or  (2)  as  a  record  of  the  elements.  that  the  majority  followed  the 

electrical  design  of  equipment  The  need  for  a  unified  system  of  graphical  symbols  established  by  the 
which  has  already  been  fabricated,  graphical  symbols  has  been  evident  American  Standards  Association, 
The  schematic  diagram  is  somewhat  for  at  least  a  dozen  years,  but  the  the  American  Institute  of  Electrical 
akin  to  the  musical  score  which  in-  technological  developments  under  Engineers,  the  Institute  of  Radio 
dicates  the  voices  of  the  various  conditions  of  war  have  emphasized  Engineers,  and  the  Radio  Manufac- 
instruments,  and  therewith,  the  the  existing  differences.  The  need  turers  Association.  Certain  of  the 
musical  functions  to  be  performed  for  uniformity  and  consistency  be-  standards  on  graphical  symbols  are 
by  each  musician;  the  score  also  comes  more  acute  as  the  various  now  undergoing  revision  and  new 
serves  as  a  record  for  the  composer,  fields  coalesce;  it  is,  perhaps,  most  standards  may  be  available  within 
The  attainment  of  a  satisfactory  re-  urgent  in  electronics,  where  the  the  next  several  months.  The  follow- 
sult  is  predicated  upon  the  assump-  same  type  of  tube  may  be  used  in  ing  standards  represent  the  graphi- 
tion  that  the  symbolic  notation  em-  the  power,  communication,  traction,  cal  symbols  usually  employed  in  the 
ployed  means  the  same  thing  to  all  or  measurement  applications  where  electrical  field: 
concerned.  Disastrous  consequences  not  only  different  symbols  may  be  Graphical  Symbols  for  Electric 
may  have  to  be  faced  if  this  condi-  used  but  in  which  the  philosophy  Power  and  Wiring: 

tion  is  not  fulfilled.  underlying  the  development  of  graph-  American  Standards  Associa- 

The  development  of  graphical  sym-  ical  symbols  is  frequently  different.  tion, — Z10g2 

bols  for  use  in  the  various  branches  Lack  of  a  unified  system  of  symbols  American  Institute  of  Electrical 

of  electrical  technology  has  pro-  may  be  quite  confusing  to  the  engi-  Engineers  Standard — 17g2 

gressed,  more  or  less,  independently  neer  who  must  recognize  that  a  zig-  Graphical  Symbols  for  Radio 
in  each  field.  While  the  symbols  zag  line  represents  a  resistance  in  A.  S.  A.  Standard, — ZlOgS 

might  be  well  suited  for  the  particu-  the  communications  field  but  an  in-  Institute  of  Radio  Engineers 

lar  field  for  which  they  were  ad-  ductance  in  the  power  field.  Standard,  published  in  1941 

vanced,  they  are  sometimes  incon-  On  the  following  pages  have  been  A,  I.  E.  E.  Standard, — 17g5 
sistent  with  the  symbolic  notation  tabulated  the  graphical  symbols  Graphical  Symbols  for  Telephone 
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Tabulation  of  Common  Graphical  Symbols 


Symbol 


Resistor,  Fixed* 


Resistor.  Variable* 


Resistor,  Adjust¬ 
able  (in  steps)* 


Condenser  or  Ca¬ 
pacitor,  Fixed** 


Condenser  or  Ca¬ 
pacitor.  Fixed, 
Shielded 


— VWW^ 

-OfUlP- 

— 

-nj~y~LP- 


T  " 


t 


Inductor  or  Reactor, 
Variable* 


Inductor  or  Reactor. 
Adjustable  (in 
steps) 


Inductor  or  Reactor, 
Iron  Core 


Inductor  or  Reactor. 
Powdered  Iron 
Core 


Transiormer.  or  In¬ 
ductors,  Coupled; 
Air  Core** 


Transiormer,  or  In¬ 
ductors,  Coupled, 
Air  Core.  Moving 
coil  indicated** 


-A/vy\Ar— 


Twisted  Pair 


Shielded 

Conductor 


Coaxial  Cable 


m 


Condenser  or  Ca¬ 
pacitor,  Variable 


Transiormer,  Iron 
Core 


Counterpoise 


Condenser  or  Ca¬ 
pacitor,  Variable, 
with  movable 
plates  indicated 


Condenser  or  Ca¬ 
pacitor,  Variable, 
Shielded 


Condensers  or  Ca¬ 
pacitors,  Vari¬ 
able,  Ganged 


Inductor  or 
Reactor* 


¥ 


±  ± 

J  I 

-^wvw- 


Inductors,  Link 
Coupled 


Tuned  Air  Core 
Transiormer 


Conauctors.  or 
Connecting 
Wires 


Crossed  Wires.  Top 
symbol  shows 
wires  connected; 
bottom  symbol 
indicates  no  con¬ 
nection 


r  lymbol  preferred  for  radio  uses;  lowtr  lymbol  for  poaier  oppficotions. 


EZ3 


Loop  Antenna 


*Sxmbot  at  left  preferred  for  radio  uses;  symbol  at  right  for  power  oppticofions. 
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Device 


Tabulation  of  Common  Graphical  Symbols 


Symbol 


Device 


Symbol 


Device 


Switch.  Rotary 


Cathode. 

Photoemissive 


Shell,  with  Contoct 


o 


Switch  double 
pole  double 
throw 


Cothode.  Pool 
Type 


Envelope,  Gae 
Filled 


o 


Envelope  or  Shell, 
with  Shielding 
indicated  by 
dotted  line 


Shell  or  Socket 
with  Alignment 
Pin  Indicated 


Basing  Arrange¬ 
ment  ior  Electron 
Tubes 


Cathode  Ray  Tube 


00< 


Dry  Cell,  or  Battery 
(The  positive 
terminal  is  rep¬ 
resented  by  the 
long  line) 


Plate  or  Anode 


Beam  Tube 


A-C  Plug  for  Power 
Outlet 


Target  Electrodes 


Microphone  (Tele¬ 
phone  Trans¬ 
mitter) 


A-C  Receptacle 


Cathode, 

Thermionic 


Cathode,  Cold 
Discharge 


€>- 


r  _r 


Deflecting  Plates 


Beam  Forming 
Electrodes 


Envelope  or  Shell 
(General) 


H  h 
T 


d-c 


y 


O 


Microphone.  Single 
Button  Corbon 


Microphone. 
Double  Button 
Carbon 


Microphone,  Rib. 
bon  or  Velocity 


ri, 


T 


T 
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Tabulation  ol  Common  Graphical  Symbols 


Symbol 


Microphone 

Piezoelectric 


Telephone  Headset 


Loud  Speaker 


Magnetic  Loud 
Speaker 


Loud  Speaker.  Per¬ 
manent  Magnet 


Loud  Speaker 
Electrodynamic 


GalTanometer 


Millianuneter 


Device 


Frequency  Meter 


Power  Factor 
Meter 


Watt-Hour  Meter 


Graphic  Instrument 
(Basic  Symbol) 


Synchroscope 


Piezoelectric  Plate 
(and  mounting) 


Rectifier 

Crystal  Detector 


Relay  (Contact  ar¬ 
rangement  may 
be  built  up  as 
required) 


Spark  Gap  (Rotary. 
Plain.  Quenched, 
from  left  to  right, 
respectively) 


Phonograph 

Pick-up 


Symbol 


±  _L 

1  J  IZZ] 

T  ^ 


I 


-@L-0- 


Device 


Thermoelement 


-x-^)(l- HUH 


X-Ray  Tube 


A-C  Generator  or 
Motor 

(Basic  Symbol) 


Induction  Motor 
with  Slip  Ring 
Rotor 


Synchronous  Gen- 
•  erator  or  Motor 
with  Separately 
Excited  Field 


Synchronous 

Converter 


D-C  Generator  or 
Motor 

(Basic  Symbol) 


D-C  Generator  or 
Motor  with  Shunt 
and  Series  Field 


Mercury  Arc 
Rectifier 


Delta  or  Pi 
Connection 


Wye  or  Tee 
Connection 


Symbol 


A  TT 
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ROCHELLE  SALT  CRYSTAL 


An  outline  of  experiments  leading  to  the  use  of  a  single  Rochelle  salt  crystal,  made  possible 
hy  bonding  the  surface  of  the  crystal  with  a  thin  sheet  of  gold  foil 


PIERRE  CURIE  and  his  dis¬ 
tinguished  wife,  Marie  Sklo- 
dowska  Curie,  world  famous  co¬ 
discoverers  of  radium,  contributed 
much  to  the  science  of  electronics 
by  their  less  known  discovery  of  the 
piezo-electric  effect  of  certain  crys¬ 
talline  substances.  Among  the  crys¬ 
tals  having  this  property  are  quartz, 
tourmaline,  and  Rochelle  salt.  Long 
ago  it  was  determined  that  Rochelle 
salt  had  many  times  the  piezo-elec¬ 
tric  effect  of  any  other  crystalline 
material,  and  many  ideas  have  been 
presented,  and  patented,  in  an  effort 
to  efficiently  utilize  this  phenomenon. 

Only  one  manufacturer  has  thus 
far  succeeded  in  making  commer¬ 
cially  available,  suitable  piezo-electric 
units.  The  unit  consists  of  two 
crystalline  plates  having  foil  or 
graphite  electrodes  attached  on  op¬ 
posite  sides,  with  the  plates  cemented 
together  in  opposition.  The  unit  as¬ 
sembly  is  supported  on  suitable 
elastic  pads  in  such  a  way  that  the 
saddle  warping  effect,  caused  by  the 
mutual  constraint  of  the  opposing 
crystals,  may  be  mechanically  util¬ 
ized  for  acoustic  and  other  devices. 

One  system  using  this  unit  affbces 
a  perpendicular  yoke  piece  to  each 
corner  of  a  substantially  square 
crystal  unit,  and  supports  the  other 
two  corners  by  elastic  pads.  The  dia¬ 
phragm  or  other  actuating  device  is 


By  RAYMOND  W.  TIBBETTS 

Tibbettg  Laboratories 
Cambridge,  Massachusetts. 


connected  by  pin  means  to  the  yoke. 
In  another  arrangement,  three  cor¬ 
ners  of  the  crystal  unit  are  cemented 
to  rubber  pads,  and  the  fourth  cor¬ 
ner  is  actuated.  In  still  another 
system  the  crystal  unit  is  supported 
along  one  edge  and  a  center  shaft  is 
connected  at  the  midpoint  of  the  op¬ 
posite  edge.  Due  to  the  twisting  ef¬ 
fect  of  the  unit  when  so  supported  a 
rotary  oscillatory  motion  is  imparted 
to  the  shaft,  which  is  used  to  actuate 
a  stylus,  mirror,  etc. 

Several  early  attempts  were  made 
to  adapt  a  single  Rochelle  salt  crystal 
plate  to  a  piezo-electric  device.  All 
of  these  gave  more  or  less  indifferent 
results,  except  for  very  specific  ap¬ 
plications.  Most  of  the  devices  used 
either  a  whole  homogeneous  crystal 
or  an  assembly  of  them,  in  an  effort 
to  secure  sufficient  mechanical  am¬ 
plitude.  The  displacement  amplitude 
of  the  crystal  per  se  is  very  small 
even  under  high  electrical  stress. 
Plates  of  quite  some  thickness  have 
been  suggested  but  in  these  cases 
sufficiently  low’  impedance  could  not 
be  attained. 

In  attempting  to  solve  these  prob¬ 


lems  the  author  first  developed  a 
gold  electrode  which  in  effect  gives 
to  the  crystal  unit  assembly  a  ca. 
pacitance  practically  equal  to  the 
maximum  theoretical  capacitance  of 
a  condenser  having  Rochelle  salt 
as  the  dielectric.  This  in  effect  re¬ 
duces  the  internal  capacitive  re¬ 
actance  of  the  crystal  generator  to  a 
minimum.  The  gold  electrode  is  ap¬ 
plied  directly  to  the  crystal  surfaces 
and  is  in  mechanical  and  molecular 
bond  therewith. 

It  was  found  impractical  to  de¬ 
posit  gold  by  the  electro-deposit  or 
sputtering  methods  on  Rochelle  salt 
crystals,  since  the  material  is  water 
soluble  and  dissolves  in  its  own  water 
of  crystallization  at  about  132  de¬ 
grees  F, 

It  was  discovered  that  extremely 
thin  gold  foil,  in  the  order  of 
0.000004  inch  thick  became  bonded 
to  the  wet  surface  of  the  crystal, 
when  dried  and  recrystallized.  It 
was  also  determined  that  thick  gold 
sheet  would  not  adhere  in  this  man¬ 
ner.  A  patent  has  been  granted  the 
author  for  this  process  and  the  prod¬ 
ucts  made  thereby. 

Tests  showed  the  capacitance  of 
the  gold-electroded  crystals  to  be 
more  than  twice  that  for  commer¬ 
cially  available  crystals  of  the  same 
dimensions.  This  w’as  indeed  a  happy 
discovery,  for  the  gold  deposit  pro- 


Fig.  1 — Longitudinal  axis,  c-c,  electrical  axis.  a-a.  mechanical 
axes,  x-x  and  y-y.  The  hole  in  the  Rochelle  salt  slob  proxides 
ior  the  connecting  pin  between  the  two  toggles 


Fig.  2 — The  complete  unit  assembly,  showing  the  bow  or  '’togql* 
arrongement  with  connecting  pin.  The  crystal  slob  has  a  qold 
electrode  on  both  surfaces 
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DEVICES  OF  LOW  IMPEDANCE 


The  setup  using  phototube  for  testing  re¬ 
sponse  and  waTeform  of  the  oscillograph  unit 


vided  an  extremely  flexible  electrode 
of  low  specific  resistance  which  was 
impervious  to  atmospheric  condi- 
tions  and  which  was  bonded  to  the 
surface  of  the  crystal  with  sufficient 
adhesion  for  practically  all  acoustic 

applications  of  Rochelle  salt.  ■ 

The  very  high  capacitance  at- 
tained  has  made  it  possible  to  make 
acoustic  devices  with  a  relatively 
impedance  a 

amount  of  crystalline  material.  For 
example:  in  one  size  of  the  “Mono¬ 
bar”  crystal  unit  adapted  for  micro-  on  two  general  principles:  first,  the  diagonal 
phones,  the  single  plate  used  is  adaptation  of  bow  or  spring  toggle  that  wh< 
20x20xi  mm,  and  has  an  average  members  as  mechanical  multiplying  are  intei 

capacitance  of  over  0.007  /if.  From  devices  for  the  small  oscillations  of  a  great! 

.  ,  r.  r\  AAoo  x.  the  crystal  per  se,  and  second,  a  crystal  ; 

d  frame-like  structure  within  which  be  obta 

K  is  the  dielectric  constant,  A  the  the  crystal  slab  is  cemented,  and  on  course  s 

area  in  square  centimeters  and  d  the  the  corner  portions  of  which  the  tog-  mt‘chani( 
thickness  of  the  plate  in  cm,  the  gie  members  are  secured.  creased 

value  of  K  will  be  found  to  be  about  Since  the  mechanical  axes  x-x  tude  will 
10,000.  Capacitance  measurements  and  y-y  of  the  crystal  plate  form  and  crys 
were  made  at  1000  cps.  This  high  a  45-deg.  angle  with  the  longitudinal  electros! 
capacity  is  of  extreme  importance  in  axes  c-c  of  the  mother  crystal,  as  tained  fi 
a  high  fidelity  acoustic  device  which  shown  in  Fig.  1,  the  oscillations  of  from  th 
must  faithfully  reproduce  very  low  the  crystal  and  frame  cause  a  si-  by  the  c 
frequencies  or  which  must  have  a  multaneous  bending  of  the  opposed  pin. 
very  long  cable.  toggles,  as  these  may  be  secured  on  Many 


Fig.  3 — Arrangement  of  the  electrodes  lor  greater  Toltage  out- 
Two  electrodes  are  proTided  on  each  side  of  the  crystol 
plate  and  leads  are  connected  in  series 


Fig.  4 — Cross-sectional  view  oi  the  framed  type  of  Monobar  unit 
and  a  plan  Tiew  oi  the  irome.  The  bow  members  are  cemented 
to  the  wing  portions  oi  the  frame 
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Th«  unall  unit  has  a  20  nun  x  20  nun  crystal  suitable  ior  most  microphone 
applications,  such  as  earphones,  etc.  The  large  unit  has  a  S7  mm  x  57  mm 
crystal  and  is  particularly  suitable  ior  low-irequency  derices  where  low 
impedance  and  high  power  are  necessary  considerations 


Composite  photo  oi  Rochelle  salt  crystal 
and  the  Monobar  ocillograph  unit 


The  Monobar  unit  as  used  in  an  oscillo¬ 
graph.  Sixe  is  2V4  by  2  Vs  by  H  inchM 


ELECTROMCS 


1 


Adjustment  of 

!  DIRECTIONAL 

ANTENNAS 


A  method  of  measuring  resistance  and  reactance  values  at 
radio  frequencies  with  an  ordinary  3-inch  cathode-ray  oscil¬ 
loscope  while  full  power  is  being  fed  to  the  broadcast 
antenna.  Width  and  height  measurements  of  an  elliptical 
pattern  give  the  required  constants 


By  WILLIAM  S.  DUTTERA 

Engineering  Department 
Xational  Broadcanting  Company 
Xew  York  City 


IN  the  alignment  of  directional  an¬ 
tennas  there  arise  two  types  of 
jpioblems.  The  first  is  that  of  securing 
the  proper  phase  relations  and 
amplitude  relations  between  the  var¬ 
ious  antenna  currents.  The  second 
is  that  of  tuning  each  antenna  to 
match  its  transmission  line,  so  no 
tanding  waves  exist  on  the  line. 

‘  The  methods  of  arriving  at  proper 
I  phasing  and  current  ratios  are  as 
varied  as  the  number  of  engineers 
-ngaged  in  tuning  directional  an¬ 
tennas.  It  is  not  proposed  to  discuss 
this  subject  here,  but  instead  to  deal 
with  the  second  part  of  the  problem. 
Specifically,  this  involves  determin¬ 
ing  the  resistance  and  reactance 
which  each  transmission  line  sees  at 
its  antenna.  The  engineer  wants  to 


know  if  the  line  is  “working”  into 
'too  high  or  too  low  resistance,  how 
much  reactance  is  present  and 


1 —Standard  method  of  meaiurinq 
the  it'sittonce  and  reactance  of  a  load  at 
power  frequencies,  usinq  ordinary  meters 
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whether  this  reactance  is  inductive 
or  capacitive. 

In  some  cases,  particularly  with 
antennas  less  than  about  120  degrees 
high,  it  is  possible  to  calculate  the 
line  termination  networks  with 
reasonable  accuracy  by  a  combina¬ 
tion  of  ordinary  measurements  and 
proper  application  of  circuit  theory. 
With  high  antennas  having  distorted 
current  distribution,  or  with  a  com¬ 
bination  of  high  and  low  antennas, 
accurate  calculations  are  not  pos¬ 
sible.  It  has  heretofore  been  neces¬ 
sary  in  these  cases  to  obtain  final 
circuit  adjustment  by  w’hat  almost 
becomes  a  trial  and  error  method. 

It  must  be  noted  that  it  is  im¬ 
possible  to  measure,  by  normal 
methods,  the  impedance  of  an  an¬ 
tenna  as  a  w’orking  part  of  a  di¬ 
rectional  system.  The  measurement 
must  necessarily  be  made  without 
disturbing  the  system,  under  the 
condition  of  partial  or  full  power. 
It  is  in  this  manner  that  the  cathode- 
ray  tube  measurements  to  be  de¬ 
scribed  are  made. 

Method  Usod  in  60-cyclo  Circoitt 

In  60-cycle  single-phase  powder  cir¬ 
cuits  the  load  impedance  can  be 
found  with  meters  measuring  volts, 
amperes  and  power  factor,  connected 
as  shown  in  Fig.  1.  In  brief,  one 


This  two-tower  directional  antenna  sys¬ 
tem  of  station  WEAF  in  Port  Washinqton, 
Lonq  Island  has  been  adjusted  by  the 
cothode-roy  method  described  in  this  ar¬ 
ticle.  Two  oscilloscopes  were  used,  one 
in  each  under-the-tower  tuninq  house 


current  flowing  in  the  power  factor 
meter  is  proportional  to  the  phase 
and  magnitude  of  the  load  current, 
and  the  other  current  is  proportional 
to  the  phase  and  magnitude  of  the 
load  voltage.  The  resultant  action  of 
the  fields  of  these  two  currents  upon 
a  vane  produces  a  displacement  of 
the  vane.  A  pointer  attached  to  the 
vane  indicates  directly  the  phase 
angle  between  load  current  and  vol¬ 
tage. 

With  E,  I  and  the  phase  angle  <t> 
known,  the  resistance  R  and  X  are 
obtained  from  the  following  basic 
formulas : 

E  E 

R  =  -j- cos  <tt  X  =  -y-  sin  0 
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FIG.  2 — Circuit  lor  meoaurinq  the  resistance  ond  reactance  oi  a  load  at  radio 
ire<iuencies  under  operating  conditions.  The  cathode>ray  tube  may  be  part  of  an 
ordinary  three-inch  cothode-roy  oscilloscope 


Cathode-ray  Tube  Method 

In  the  r-f  version  of  the  procedure 
for  determining  load  impedance,  a 
cathode-ray  tube  is  substituted  for 
the  voltmeter,  ammeter,  and  power 
factor  meter,  as  shown  in  Fig.  2.  In 
this  case  it  is  simpler  to  use  voltages 
instead  of  currents.  A  cathode-ray 
tube  with  electrostatic  deflecting 
plates  is  chosen.  A  voltage  propor¬ 
tional  to  the  amplitude  and  phase  of 
the  load  voltage  is  taken  from  vol¬ 
tage  divider  CJit  and  applied  to  hori-  e.,  = 
zontal  deflecting  plates  C  and  D.  A 
voltage  proportional  to  the  ampli¬ 
tude  and  phase  of  the  line  current  is  whe 
secured  from  a  well-shielded  trans-  oAe- 
former  L,L,  and  applied  to  vertical 
deflecting  plates  A  and  B. 

Initially,  the  voltages  applied  to 
the  two  sets  of  deflecting  plates  are 
adjusted  so  that  when  the  load  is  a 
pure  resistance  of  known  value  the 
pattern  on  the  tube  is  a  circle  of 
convenient  size.  Any  other  load  then 
gives  an  ellipse,  the  orientation  and 
dimensions  of  which  permit  calcula¬ 
tion  of  the  load  constants. 

Condenser  C,  permits  reducing  the 
r-f  voltage  applied  to  the  horizontal 
deflecting  plates,  and  at  the  same 
time  serves  with  i?*  to  provide  ap¬ 
proximately  90-deg.  phase  shift.  The 
voltage  due  to  line  current  is  ad¬ 
justed  by  varying  the  coupling  be¬ 
tween  the  primary  and  secondary 
of  the  transformer.  It  has  been 
found  in  practice  that  no  coil  is 
necessary  in  the  primary,  since  suf¬ 
ficient  deflection  generally  can  be 
obtained  by  coupling  to  the  bus  feed¬ 
ing  the  terminating  equipment. 


3  will  provide  a  sufficiently  close  ap¬ 
proximation  to  actual  conditions: 

E,i  =  E',i  =  -  jU  Xt  =  /oX.  tX't/R,  (1) 

Here  is  the  voltage  on  the  cath¬ 
ode-ray  tube  due  to  the  load  current 
lo.  This  means  the  cathode-ray  tube 
voltage  Ed  is  in  phase  with  the  load 
current. 

The  load  voltage  part  of  the  cir¬ 
cuit  is  as  shown  in  Fig.  4.  In  this 
case. 


e  =  tan  ~'{X,/Ri) 

In  Fig.  5  is  a  vector  representa¬ 
tion  of  the  cathode-ray  tube  voltages 
resulting  from  the  load  current  and 
load  voltage  when  the  load  is  a  pure 
resistance.  A  circular  pattern  is  ob¬ 
tained  on  the  cathode-ray  tube 
screen  when  capacity  C,  in  Fig.  2 
is  adjusted  until  voltage  vector  Ed 
takes  the  position  designated  as 
E"r,.  This  adjustment  is  necessary 
for  calibration  because  E„  is  not 
fully  90  deg.  ahead  of  load  voltage 
Eo  (R^Ca  does  not  provide  a  full  90- 
deg.  shift  in  phase).  Adjusting  C, 


Analysis  of  Circuit  Roiations 

It  can  be  shown  that  when  second¬ 
ary  circuit  L,C,  is  tuned  to  resonance, 
the  following  relation  based  on  the 
simplified  equivalent  circuit  in  Fig. 


FIG.  3 — Equiyalont  circuit  lor  tho  current 
section  of  the  cathode-ray  measuring  cir¬ 
cuit.  The  Toltage  drop  across  the  con¬ 
denser  depends  on  the  load  current  ealue 


makes  the  vertical  deflecting  pi^. 
voltage  E"d  lag  E„  by  90  deg., 
adjusting  the  coupling  between 
and  La  makes  these  voltages 


Anaiysis  of  The  Cathode-ray  Patten 


It  is  well  known  that  if  equal  v 
tages  90  deg.  out  of  phase  are  ; 
plied  to  a  cathode-ray  tube  the  pa; 
tern  will  be  a  circle.  If  the  voltaj; 
are  unequal  but  90  deg.  out  of  pha 
the  pattern  will  be  an  ellipse  with ; 
major  axis  on  either  the  x  or  y  ax’ 
depending  upon  which  set  of  defie 
tion  plates  has  the  larger  voltage.  :j 
the  phasing  is  other  than  90  deg.,  tp 
major  axis  of  the  ellipse  will  assurr 
an  intermediate  position  somewhei 
between  0  and  90  deg.  with  resp 
to  the  X  axis. 

An  example  of  a  general  patt 
is  shown  in  Fig.  6.  It  is  obtain 
with  voltage  Ed  (that  due  to  th 
current)  acting  on  the  vertical 
fleeting  plates,  and  voltage  (tr 
due  to  the  load  voltage)  acting 
the  horizontal  deflecting  plates,  as  ii 
shown  in  Fig.  2.  The  center  of  th 
ellipse  is  at  0.  The  ellipse  intemp 
the  X  axis  at  points  separated  ti 
distance  A,.  The  total  detlecti 
along  the  x  axis  is  A  and  the  tot 
deflection  along  the  y  axis  is  B.  ! 
can  be  shown  that  when  this  patter 
is  obtained  from  a  given  load  uni- 
the  operating  conditions  descriiiei 
above,  the  impedance  of  the  load 
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Here,  R  is  the  load  resists 
which  gives  a  circular  pattern.  Tr- 
first  term  of  this  equation  is  ti- 
resistance  of  the  load  under  opera' 
ing  conditions,  and  the  second  ttrr 
is  similarly  the  reactance  of  the  1  ai 
It  will  be  noted  that  the  reaet;  i 
term  has  a  plus  or  minus  sign.  ! 
the  cathode-ray  tube  connections  arel 
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FIG.  4 — Equiyalent  circuit  lor  roltaq* 
tection  ii  identical  to  tho  actual  circuit 
since  it  is  simply  on  r-l  Toltage  diridut 
connected  across  the  load 
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>10  made  that  with  a  capacitive  load 
the  major  axis  of  the  ellipse  is  in  the 
first  and  third  quadrants,  the  sign 
of  the  reactive  term  is  negative.  It 
will  be  assumed  that  this  is  the  case 
in  the  following  examples.  It  will 
also  be  assumed  that  R  is  equal  to 
75  ohms.  Patterns  for  four  differ¬ 
ent  types  of  loads,  with  resulting 
resistance  and  reactance  values  based 
on  these  assumptions,  appear  in 
Fig.  7. 

The  Practical  Application 

In  a  normal  application  the  tuning 
equipment  which  matches  an  an¬ 
tenna  to  its  transmission  line  cor¬ 
responds  to  the  load  shown  in  Fig.  2. 
The  simplest  method  of  adjusting 
L.C2  and  C,  involves  starting  with 
any  one  antenna  and  tuning  its 
matching  equipment  so  that  it  pre¬ 
sents  a  resistive  load  R  of  the  cor¬ 
rect  value  for  proper  termination 
of  the  transmission  line.  This  an¬ 
tenna  only  is  then  fed  from  the 
transmitter  with  approximately  the 
same  power  it  will  carry  when  it  is 
a  part  of  the  directional  system. 
The  condenser  C,  is  now  varied  until 
about  half  of  full-scale  deflection  is 
obtained  on  the  screen  of  the 
cathode-ray  tube.  Next,  C,  is  ad¬ 
justed  so  that  the  major  axis  of  the 
ellipse  is  along  either  the  x  or  y 
axis,  depending  upon  the  relative 
voltages.  Finally,  the  coupling  be¬ 
tween  L,  and  L,  is  adjusted  so  that 
a  circular  pattern  is  obtained.  This 
constitutes  the  calibration  of  the 
equipment.  If  similar  equipment  is 
u.sed  at  all  the  radiators,  the  same 
procedure  is  followed  at  each. 

All  radiators  are  now  fed  together, 
and  the  three  measurements  indi¬ 
cated  in  Fig.  6  are  made  on  the 
elliptical  pattern  of  each  antenna. 
From  this  data,  the  resistance  and 
reactance  of  each  antenna  are  cal¬ 
culated  as  previously  explained. 


Coil  L,  should  be  well  shielded 
electrostatically,  so  it  is  excited  only 
by  the  intended  field  due  to  line  cur¬ 
rent.  Likewise,  C,  and  its  associ¬ 
ated  connections  should  not  be  sub¬ 
ject  to  extraneous  electrostatic  fields. 
In  order  to  assure  this  result,  it  is 
preferable  to  use  coaxial  leads  for 
all  connections  shown  with  shielding 
in  Fig.  2. 

Resistors  R.  and  /?,  in  Fig.  2  are 
of  arbitrary  value.  When  these  re¬ 
sistors  are  200  ohms  each,  the  power 
consumed  by  the  measuring  equip¬ 
ment  is  of  the  order  of  25  watts. 
This  is  ordinarily  low  enough  so 
that  the  equipment  may  be  removed 
without  any  noticeable  effect  on  the 
directional  system.  The  values  of 
Ri  and  /?.,  may  be  increased  con¬ 
siderably  in  order  to  reduce  power 
consumption. 

Some  types  of  cathode-ray  oscillo¬ 
scopes  may  have  to  be  modified  by 
the  installation  of  r-f  jacks  on  the 
sides  of  the  unit,  to  permit  short 
leads  directly  to  the  deflecting  plates 
(internal  amplifiers  in  the  oscillo¬ 
scope  are  not  used.)  Special  pro¬ 
visions  may  also  have  to  be  made 
for  the  spot-centering  voltages. 

Where  a  cross-ruled  scale  is  not 
provided  with  the  oscilloscope,  trans¬ 
parent  graph  paper  will  prove  satis¬ 
factory  and  may  be  fastened  to  the 
face  of  the  tube.  This  permits  read¬ 
ing  dimensional  values  directly  with¬ 
out  a  ruler;  units  of  measurement 
are  unimportant  so  long  as  all  three 
values  are  in  the  same  units. 

The  true  r-f  power  being  fed  to 
the  antenna  or  load  may  readily  be 
determined  in  this  cathode-ray 
method  if  an  r-f  ammeter  is  inserted 
in  the  circuit,  as  shown  in  Fig.  2. 
Multiplying  the  resistive  component 
of  the  load  impedance  by  the  square 
of  the  current  reading  gives  the 
power. 

In  this  application  the  degiee  of 


accuracy  required  is  not  very  great. 
Consequently,  such  sources  of  inac¬ 
curacy  as  non-linear  deflection  or 
observational  errors  in  reading  the 
values  of  A,  Ai  and  B  are  not  of  a 
serious  magnitude.  A  three-inch 
tube  has  been  found  to  be  satisfac¬ 
tory,  but  it  is  entirely  feasible  to 
obtain  greater  accuracy  if  needed. 


A|.A.|  Z*0.5R+j0 

B-2  =37.5+ lO 

R-75 


A,-A-2  Z=2R+jO 
B«1  =150+j0 

R*75 


A,  =  73  R-75 

A-SA  2 -r.04R+j0.703R 
B-7  -787+J52.7 


- 6  6  - - - J 

A, -5. 5  R  =  75 

A  »  6.6  Z  =  0.6tR-_j0.405R 


FIG.  6 — Typical  pottarn.  ReaUtanc*  and  I 
readcuic*  Taluaa  are  found  by  measuring 

lengths  A.  At  and  B  and  substituting  the  FIG.  7 — Examples  of  cathode-ray  patterns 
results  in  equation  3  and  corresponding  r-i  Impedance  Talues 


FIG.  S— The  circular  pattern  required  for 
calibration  is  obtained  by  detuning  LrCj 
until  the  deflecting  plate  voltages  are 
?qual  and  90  degrees  out  of  phase 
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Anulysis  of 


FULL  WAVE  RECTIFIER 

An  engineering  analysis  of  the  behavior  of  the  full  wave,  single  phase  rectifier  with 
choke  input  is  given,  together  with  means  of  determining  critical  inductance  permitting 
continuous  flow  of  current.  Measurements  confirm  accuracy  of  theoretical  procedure 


The  single  phase  full-wave  recti¬ 
fier,  in  which  is  used  the  so- 
called  “choke  input”  type  of  filter, 
has  become  popular  since  the  intro¬ 
duction  of  small  capacity  mercury 
vapor  tubes.  Despite  its  wide  use 
today,  the  design  is  still  based  to  a 
great  extent  upon  experimental 
methods.  A  more  exact  analysis  of 
the  performance  of  this  type  of  cir¬ 
cuit,  which  is  not  so  tedious  as  to 
discourage  its  use,  should  help  in 
the  understanding  of  its  applica¬ 
tions,  and  permit  its  characteristics 
to  be  more  accurately  predetermined. 
Principle  emphasis  has  been  placed 
on  the  derivation  and  discussion  of 
the  equation  for  the  filter  input  cur¬ 
rent,  from  which  expressions  for  the 
d-c  voltage  and  current  output  are 
determined  under  two  general  types 
of  operation.  A  simple  but  accurate 


TABLE  I— CIRCUIT  PARAMETERS  REQUIRED  FOR  CRITICAL 
CUT-OFF  OPERATION 


No. 

Peak 

Voltage 

Voltage  Drop  Capacitance 
Across  Tube  of  Filter 

Load 

Resistance 

Critical 

Inductance 

Em 

E. 

C 

Ri  +  Rt 

Lc 

(Volts) 

(Volts) 

(Microfarads) 

(Ohms) 

(Henries) 

1 

368 

13 

4.0 

11,000 

10.5 

>  2 

281 

13 

8.0 

11,000 

11.0 

3 

141 

13 

12.0 

9,900 

12.0 

TABLE 

II— PERCENT  DEVIATION  OF 

ACTUAL 

CRITICAL 

INDUCTANCE  FROM  VALUES  CALCULATED  BY  VARIOUS 
METHODS 

THEORETICAL  VALUE  OF  CRITICAL  INDUCTANCE  CALCULATED 

FROM: 

No.  Eq.  (9)  Eq.  (9a)  Lc  =  Ri/1130*  Lc  =  R./lOOOf 


1  +  2.0 

2  -  3.6 

3  -11.7 

*  Dellenbaugb  and  Quimby 
t  Terman,  “Radio  Englnee 


-f4.75  -  7.1  +  4.8 

+2.72  -11.4  0.0 

-6.25  -26.7  -17.5 

Smoottaii^  Cbokes,  Q8T,  1982. 
nglneerlng,”  McQraw-Hlll  Book  Co. 


expression  for  the  critical  choke  in¬ 
ductance  is  also  presented. 

The  specific  type  of  circuit  treated 
in  this  analysis  is  shown  in  Fig.  1. 
Two  basically  different  types  of  op¬ 
eration  of  this  circuit  may  occur. 
One,  where  the  current  through  the 
inductance  is  continuous,  termed 
“non-cut-off  operation”,  and  the 
other,  where  the  current  through 
the  inductance  is  zero  during  a 
period  in  each  half  cycle,  termed 
“cut-off  operation”. 

To  keep  the  solution  in  as  simple 
and  usable  form  as  possible  certain 
basic  assumptions  are  made.  These 
are:  (1)  The  circuit  parameters 
are  assumed  constant  and  indepen¬ 
dent  of  current  magnitude.  (2)  The 
winding  resistance  and  leakage  re¬ 
actance  of  the  input  transformer  are 
assumed  to  be  negligibly  small.  (3) 


The  anode-to-cathode  voltage  drop 
in  the  rectifier  tube  is  considered  to 
be  constant  during  the  current  con 
duction  period.  (4)  Steady  state 
operation  of  the  rectifier  unit 
assumed. 

The  circuit  parameters  are  actu¬ 
ally  constant  with  the  exception  of 
the  inductance  of  the  (iron  core)  fil- 
ter  choke.  This  inductance  is  a 
function  of  the  current  which  the 
choke  carries.  However,  for  non-cut 
off  operation  in  which  the  load  cur 
rent  is  not  too  small  (greater  than 
25  percent  of  full  load)  the  induc¬ 
tance  of  the  filter  smoothing  choke 
may  be  considered  constant  without 
serious  error.  For  cut-off  operation 
only  those  filters  which  use  air-core 
inductors  are  capable  of  simple  so¬ 
lution.  Analytical  treatment  of  this 
circuit,  on  the  supposition  that  the 
choke  inductance  is  a  function  of 
the  current,  presents  a  problem 
whose  solution  is  extremely  compli 
cated. 

The  other  assumptions  are  those 
which  may  be  made  in  low  power 
rectifier  circuits  without  serious 
error. 

The  following  symbols  are  used 
throughout  the  paper. 

Em  B  Peak  value  of  one  half  the  trans 
former  secondary  voltage 
E,  *=»  'hibe  voltage  drop  during  con 
duction  (assumed  constant) 
e  >■  Instantaneous  voltage  across  input 
to  filter 

ti  »  Instantaneous  current  through  filter 
choke 

iZi  o  Resistance  of  filter  choke 
Rt  ™  Equivalent  load  resistance 
L  »  Inductance  of  filter  choke 
C  =  Capacitance  of  filter  condenser 
Ei,  =»  d-c  value  of  output  voltage 
It,  average  value  of  load  current 
T  =  complete  period  of  rectifier  opera¬ 
tion  =  1/2/ 

/  =  frequency  of  a-c  supply 
p  =  d/th  =  differential  opwator 
Y  Z.  n  —  vector  value  of  admittance  of  the 
filter  (and  load)  looking  into  its  in¬ 
put  terminals 
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Gentral  Solution  of  Current  Equation 

Considering  the  circuit  of  Fig.  1, 
the  current  through  the  choke  may 
be  expressed  as 

i,  =  e/Zip)  (1) 

where  Z(p)  is  the  generalized  im¬ 
pedances  of  the  filter  and  load,  look¬ 
ing  into  the  filter  input  terminals. 
Thus 


Z{p)  =  Ri  +  Lp+  (2) 

During  the  period  when  the  upper 
half  of  the  tube  is  conducting,  the 
instantaneous  voltage  across  the  fil¬ 
ter  input  is 

e  »  Em  sin  o)l  —  E,  (3) 

Substituting  the  values  of  e  and  Z(p) 
into  Eq.  (1)  results  in  a  differential 
equation,  the  solution  of  which  (see 
Appendix  1)  can  be  expressed  in 
the  form 

ii  *  YEm  sin  (u>l  -|-  m) 

-|-  cos  -1-  C,  sin 

+  /.  (4) 

where 


'  [(Ri+fti- 


RJjCo>*)'-\-  (ft.ftiC +L)*  w* 


M  tan~’(/JiCti») 


R\Rt  "i"  L 


Fig.  1 — Schematic  wiring  diagram  oi  single  phase,  full  wave  rectifier  circuit  with 
simple  choke  input  filter,  and  load  resistance,  Rt 


R  Lc 


Fig.  2 — Equivalent  circxiit  of  rectifier  filter  and  load  (a),  with  the  resulting  voltage  and 
current  waveforms  (b).  The  flow  oi  cxirrent  can  be  made  continuous  ii  the  inductance 
oi  the  choke  equals  or  exceeds  the  critical  value.  L,..  Means  oi  calculating  the  critical 
inductance  are  given  in  the  article 


,/  RiR,Cu-hLo>  \] 
\  Rt+Ri-RtLCij  Jt’ 


RiRi  +  L  ^  ^  -E. 

2LCRi  ’  Ri  +  Rt 

In  this  expression  A,  and  C,  are 
arbitrary  constants  which  must  be 
evaluated  from  a  knowledge  of  the 
circuit  behaviour.  If  is  defined  as 
the  time  angle  at  which  current  con¬ 
duction  starts  at  one  anode,  and  St 
as  the  time  angle  at  which  it  ceases, 
then  Eq.  (4)  is  valid  only  within 
thi.s  i)eriod.  Where  non  cut-off  op¬ 
eration  occurs.  Si  =  0,  and  S,  = 


Since  the  rectifier  is  a  full-wave 
type,  a  complete  period  of  its  opera¬ 
tion,  T,  is  half  a  line  voltage  cycle. 

DC  Valu*  of  Load  Currant 

The  d-c  component  of  the  load 
current  is  equal  to  the  average  value 
of  the  current,  »„  through  the  filter 
inductance,  and  may  be  expressed  as 
rsijo} 

hr  =  2/  /  ildt 
J S\i  w 

Substituting  for  f,  and  integrating 
gives 

a*  +  'A’  L 

4"  iSi(at’i  —  (5) 


where 


A, 

=  cos  (di  4-  m) 

At  =  cos  (0-  4-  m) 

5. 

e  _  —a9;u 

i>>  =  t  tf 

B. 

•  / 

=  sin  — 

9> 

Bz  =  smtp  — 

03 

c, 

=  cos  — • 

e. 

Cz  =  cos  rf/  — 

St{aB-z  +  ^Ct) 


Siitf/Bt  —  aCt) 


4"  iSi(at’i  —  \I/Bi) 


The  d-c  value  of  the  voltage  is  of 
course  the  product  of  the  d-c  cur¬ 
rent  and  load  resistance  R,- 

Harmonic  Content  of  Output  Voltage 

The  filter  is  inserted  between  the 
rectifier  and  the  load  to  smooth  out 
the  pulsations  in  the  output  voltage 
and  current.  The  degree  to  which 
it  accomplishes  this  objective  is  a 
measure  of  the  filter’s  excellence.  To 
determine  ripple  content  it  is  neces¬ 
sary  to  first  calculate  the  harmonic 
components  of  the  choke  current. 
The  current  f,  can  be  expressed  as  a 
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TABLE  III— CORRELATION  BETWEEN  CALCULATED  AND 
EXPERIMENTAL  BEHAVIOR  OF  FULL  WAVE  RECTIFIER* 


To  indicate  the  percentage  error 
likely  to  incur  in  the  use  of  Eq.  (9) 


Circuit  Factor 

Calculated 

Value 

Experimentally 
Observed  Value 

Deviation  in 
Percent 

and  (9a),  experimental  result.^  on 
several  representative  circuits  are 
presented.  Table  I  gives  the  values 
of  the  circuit  parameters  deterniined 

Output  voltage,  E  a. 

178  volts 

182  volts 

2.3 

Load  current,  I  u 

0.248  amp. 

0.250  amp. 

2.0 

by  direct  test,  necessary  to  produce 

120  cps  component  of  A 

0.0174  amp. 

0.0176  amp. 

1.2 

the  critical  condition  between  cut¬ 

240  cps  component  of  iT 

0.00212  amp. 

0.00218  amp. 

2.8 

off  and  non-cut-off  operation. 

Percent  of  120  cps  component 
of  output  voltage 

3.96 

3.91 

1.3 

Table  II  gives  the  percent  devia¬ 
tion  of  calculated  values  of  Lc  from 

Percent  of  240  cps  component 
of  output  voltage 

0.26 

0.28 

7.1 

those  obtained  experimentally. 

e  d-c 
R:. 

The  g< 
ike  Cl 
.  Whe 
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efficier 
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ficients 
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*  Tabulation  determined  for  the  following  conditions  :  Em  » 824  volts  ;  E» 
12.7  volts;  If  =8.24  henries;  C=4.23  /dl ;  12  =  53  ohms;  i2t  =  728  ohms;  and 
(ii  =  2  t/  =  377  radians 


Fourier  series  involving  a  d-c  com¬ 
ponent,  and  cosine  and  sine  terms 
of  the  harmonic  components,  the 
coefficients  of  these  terms  for  the 
nth  harmonic  being  evaluated  from 
the  expressions 


/.  =4/ 

^9x1  (j) 

1  it  cos  2n  wt  'cU 

(6) 

/.'  =  4/ 

f  9\ltii 

rsiiw 

/  it  sin  2  n  ut'dt 

(7) 

/  9i/u 

The  resulting  equations  for  7, 
and  I'n  are  given  in  Appendix  II. 
Expressed  in  literal  form,  these 
equations  seem  rather  long  and  in¬ 
volved.  However,  using  numerical 
values,  their  evaluation  is  not  espe¬ 
cially  tedious.  The  amplitude  of  the 
nth  harmonic  of  the  output  voltage 
across  the  load  can  be  calculated 
from  the  equation 

E,  =  Z.V77  +  /',*  (8) 

where  Z„  is  the  combined  impedance 
of  Ri  and  C,  in  parallel  for  the  nth 
harmonic. 


Critical  Inductance 

Whether  the  current  through  the 
choke  flows  continuously  or  inter¬ 
mittently  depends  primarily  upon 
the  relative  values  of  the  choke  in¬ 
ductance  L,  the  capacitance  C,  and 
the  load  resistance  Ri.  The  limiting 
value  of  the  inductance  above  which 
cut-off  does  not  occur  is  defined  here 
as  the  critical  inductance  and  sym¬ 
bolized  by  the  term  L,. 

When  the  inductance  of  the  cir¬ 
cuit  shown  in  Fig.  2a  has  been 
adjusted  to  its  critical  value,  the 
current  through  the  choke  has  a 
waveform  corresponding  to  the 
curve  marked  u  in  Fig.  2b.  The  min¬ 
imum  value  of  the  current  just 
reaches  zero,  characterising  the 
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border  line  condition  between  cut¬ 
off  and  non-cut-off  operation.  If  it 
be  assumed  that  this  current  is 
comprised  of  only  a  d-c  and  a  second 
harmonic  component,  and  that  Ri  and 
Ri,  in  comparison  to  the  filter  cir¬ 
cuit  reactance,  have  negligible  effect 
in  determining  the  magnitude  of 
the  second  harmonic  then  the  value 
of  the  critical  inductance  can  be  ex¬ 
pressed  as 


Lc  is  the  minimum  value  of  the 
choke  inductance  which,  for  given 
values  of  7?„  R,,  C,  and  Eo/E„  will 
cause  the  current  flow  through  the 
choke  to  be  continuous.  For  values 
of  L  less  than  this  value  the  current 
flow  is  intermittent.  The  derivation 
of  the  above  equation  is  given  in 
Appendix  III. 

Neglecting  the  higher  harmonic 
components  of  current  in  arriving  at 
Eq.  (9)  leads  to  only  small  error  in 
final  result.^  For  practical  filter  cir¬ 
cuits  the  critical  value  of  inductance 
is  considerably  on  the  inductive  side 
of  resonance  (X^  is  at  least  10  times 
Xc).  Consequently  components  of 
current  higher  than  the  second  har¬ 
monic  are  of  relatively  small  magni¬ 
tude.  Furthermore,  the  ratio  of 
2Lr(a/Rx  equals  30  or  more,  and  at 
the  critical  point  the  ratio  of  27JjCo) 
is  about  20.  Therefore  little  error  is 
made  in  considering  reactances  only 
in  evaluating  the  second  harmonic 
component. 


where  K 


■[ 


*  If  the  effect  of  the  fourth  harmonic  alon;: 
with  the  second  is  considered  Eq.  (9)  becomes 


0.711  (fli  +  Ri) 
K 


+ 


1 

4Cw 


(9a) 


Non*CMt*Off  Oparation 

An  oscillogram  of  the  current 
through  the  filter  choke  when  non- 
cut-off  operation  prevails  is  shown 
in  Fig.  3.  Under  these  circumstances 
the  constants  of  integration  in  Eq. 
(4)  are  evaluated  from  the  boun¬ 
dary  conditions  at  cot  =  0  and  of 
=  It.  Assuming  balanced  anode  volt¬ 
ages  and  steady  state  operation  of 
the  circuit,  those  are 

(t'l)  0  =  (tl)y 

Applying  these  conditions  to  Eq.  (4) 
yields  the  following  expressions  for 
A,  and  C, 

A  +aKt)  —  DjEj  ,... 

and 


_  _ DjKi  —  Di(}ff  Kt  —  aK\) 

+aKi)- 


where 

K,= 

1  —  cos  ^/2/ 

Ki^ 

_  *-a  Hf 

sin  \p/2f 

Dx  = 

-  2YEm 

sin  M 

ft  = 

-  2YEm 

cos  n 

Where  the  current  through  the  filter 
choke  is  continuous  it  is  evident  that 
the  d-c  component  can  be  expressed 
directly  as 


{2,  ir)  Em  —  ^ 

Ri  Ri 


(12) 


Fig.  3 — Applied  Toltage  and  rectifier  cur¬ 
rent  flowing  through  filter  choke  for  con¬ 
dition  of  continuous  current  flow  for 
non-cut-off  operation 
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le  d-c*  voltage  output  being  merely 
- 

The  general  Fourier  series  for  the 
,ke  current  is  given  in  Appendix 
I.  Where  =  0  and  0,  =  ir,  a  cer- 
jin  amount  of  simplification  in  the 
e  fficients  of  the  sine  and  cosine 
i,rr.s  results,  and  therefore  these 
cessions  are  repeated  in  Appendix 
-  for  reference.  Knowing  the  co- 
!lcients,  the  amplitude  of  any  har- 
,nic  of  the  output  voltage  can  be 
fierniined  by  Eq,  (8). 

Table  III  gives  comparative  re¬ 
mits  on  a  rectifier  circuit  in  which 
=  324  volts;  Eo  =  12.7  volts; 
=  8.24  henrys;  C  =  4.23  tif;R  = 

!  ohms ;  R,  =  728  ohms,  and  lo  = 
y  =  377.  The  general  current 
I  nation  which  is  valid  from  wt  =  0 
^  =  rr  is 

■i  -  =  0.117  sin  (3771  -  82.5) 

4-  [0.375  cos  58.41 

I  +  0.535  sin  58.411  —  0.016  amperes 

Cwt-OfF  Operation 

•  If  the  circuit  parameters  have 
falues  such  that  the  current  flows 
iiuugh  the  filter  in  pulses,  the  arbi-* 
ary  constants  in  the  general  cur- 
Int  equation,  and  the  limits  of  the 
|;iiod  of  conduction  <at  =  Oi  and 
^  are  not  so  easily  determined. 
Etiuation  (4)  is  applicable  in  the 
cut  (iff  case  but  it  must  be  restricted 
1^  imposing  conditions  which  arise 
i.ic  to  fundamental  properties  of  the 
ciiviiit.  At  the  point  of  firing,  the 
rising  transformer  voltage  must  be 
iial  to  the  decaying  voltage  across 
filter  input  since  the  voltage 
kii  "  the  choke  is  zero  at  this  in- 
K  t.  Therefore  at  =  0,  the  fol¬ 
ic  \ing  conditions  must  hold 

S-.i  1  =  0 


Fig  4  'Waveforms  of  applied  voltage  and 
tf  ! :  current  output  through  filter  choke 

for  cut-off  operation  or  discontinuous  flow 
of  current  through  choke 
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TABLE  IV— CORRELATION  BETWEEN  CALCULATED  AND 
EXPERIMENTAL  BEHAVIOR  OF  FULL  WAVE  RECTIFIER* 


Circuit  Factor 

Calculated 

Value 

Experimentally 
Observed  Value 

Deviation 
in  Percent 

Output  voltage,  E  4, 

195  volts 

198.2  volts 

1.65 

Load  current,  1 4, 

0.0250  amp. 

0.0254  amp. 

1.6 

120  cps  component  of  Ji 

0.0296  amp. 

0.0308  amp. 

3.9 

240  cps  component  of  ii 

0.00493  amp. 

0.00467  amp. 

5.45 

Percent  of  120  cps  component 
of  output  voltage 

5.02 

5.15 

2.6 

Percent  of  240  cps  component 
f  output  voltage 

0.42 

0.39 

7.7 

*  Tabulation  determined  for  the  following  conditions :  Em  =  324  volts ;  /’•  — 
12.7  volts;  L  =  4.0  henries  (air  core)  ;  C  =>  4.0  iit\  R\  —  000  ohms;  Ri  =  7800 
ohms;  <i>  =  2Tf  =  377  radians. 


T— 

No.  3  Em  sin  Bi-  E,=  V't " 

where  V'  is  the  voltage  across  the  fil¬ 
ter  condenser  at  the  instant  of  cut¬ 
off  i.e. :  u>f  =  At  this  latter  point 
two  other  conditions  are  true. 
Namely : 

No.  4  (!,)»*  =  0 

No.  5  Em  sin  0.  -  =  V  + 

Condition  4  is  in  reality  a  definition 
of  the  angle  of  cut-off.  At  this  point 
the  voltage  across  the  inductance  is 
not  zero  even  though  the  current  is 
zero. 

It  is  possible  to  set  up  four  simul¬ 
taneous  equations  involving  the  un¬ 
knowns  A„  C,  du  and  0,  from  the 
above  conditions.  However,  an  ex¬ 
plicit  solution  for  any  one  of  these 
terms  is  not  possible.  Consequently 
trial  and  error  methods  must  be  em¬ 
ployed.  By  applying  the  first  two 
boundary  conditions  to  Eq.  (4)  the 
constants  A,  and  C,  are  evaluated  in 
terms  of  di  and  the  knowm  circuit 
parameters.  Applying  condition  No. 
4  to  Eq,  (4)  and  substituting  in 
these  values  of  A,  and  C,  yields  an 
equation  involving  the  two  unknown 
angles  6i  and  0..  From  conditions  3 
and  5  a  second  equation  in  terms  of 
(9,  and  may  be  evolved.  These  two 
equations  can  be  solved  only  by  as¬ 
suming  values  of  one  angle  and  cal¬ 
culating  the  other  in  a  trial  and  er¬ 
ror  process.  Appendix  V  gives  a 
more  detailed  discussion  of  the  man¬ 
ner  in  which  this  may  be  carried  out. 

Once  the  values  of  Bi  and  B^  are 
determined  the  integration  constants 
A,  and  C,  can  be  easily  calculated, 
and  thence  the  d-c  load  current  and 
the  harmonic  content  in  the  output 
voltage  by  Eq.  (5),  (6),  (7)  and  (8). 


Table  IV  gives  comparative  re¬ 
sults  in  a  rectifier  circuit  having  the 
following  constants.  Em  =  324  volts ; 
E,  =  12.7  volts ;  L  =  4.0  henrys  (air 
core)  ;  C  =  4.0  ^lf;  Ri  =  900  ohms ; 
R.  =  7800  ohms,  <0  =2u/  =  377. 

By  solution  61  =>  42.1  deg. ;  Bt  =  175  deg. ; 
A,  =«  0.232;  C.  =  -  0.480 

The  current  equation  applicable  from 
a>f  =  Bi  to  (of  =  $2  is 

t,  =  0.255  sin  (377f  -41.6°) 

+  e  -»*♦'  [0.232  C08232f  -  0.480  sin  232fl 
—  1.46  (10~*)  amperes 

Figure  (4)  illustrates  current  wave¬ 
form  for  this  particular  circuit. 

Appendix  I 

Substituting  in  the  values  of  e  and 
Zip)  into  Eq.  (1)  gives  the  differential 
equation 

ii[{LCRt)  p*  -[-  {RiRiC  -{■  L)  p  (Ri  +  ^2)' 

=  (1  -H  RiC*<A)^lEm  sin  (wt  +  0)  -  E.] 

The  complete  solution  of  above  equa¬ 
tion  consists  of  two  parts.  The  solu¬ 
tion  of  the  homogeneous  equation  plus 
the  particular  integrals  due  to  the 
presence  of  the  two  voltage  functions 
sin  (oit  +  ♦I  and  —  E,.  Let  i.  be  the 
solution  of  the  homogeneous  equation, 
i*  and  t,  the  particular  integrals  due  to 
the  two  voltage  functions. 

The  homogeneous  equation  is 
t.[(LC«,)p»-f  {RiR2C-\-L)p+ (Ri + R^\  =  0  (13) 
which  has  roots  p,  =  — «  +  Va-  —  j3 
and  p.  =  — a  —\'a^  —  3*  I*'  afi  prac¬ 
tical  filter  circuits  3  >  hence  the 
roots  are  complex  and  may  be  w’ritten 
as 

Pi  =  —  a  jrp]  and  p*  =  —  a  —  j\p; 
where  a,  3  and  ^  are  constants  whose 
values  in  terms  of  the  circuit  para¬ 
meters  are  previously  given  in  the  pa¬ 
per.  The  solution  of  Eq.  (13)  is 

i.  =  +  AjeP,'  (2A 

where  .4,  and  A^  are  arbitrary  complex 
constants.  Since  p,  and  p,  are  com¬ 
plex  conjugate  roots,  Eq.  (2a)  may  be 
converted  into  the  form 

i,  =  cos  yf/t  C.  sin  \l/t\  (14) 

{Continued  on  page  120) 
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^Valkie-Talk 
at  War 


DEFENSE — An  oHicer.  watching  the  moTements  oi  a  simulated  enemy  force 
from  a  strategic  Iceland  height,  reports  to  the  headquarters  command  Tia 
radiophone  operated  by  on  aide 


LANDING — Ashore  on  a  hostile  coast,  virotche: 
may  conceal  themseWes  and  obserre  debnsi' 
or  oiiensiTe  actiTities,  reporting  such  pieporatio- 
Tia  ultrahigh-irequency  radio  to  their  own  shi; 
or  aircraft 


Photos  by  U.  S.  Army  Signal  Corps 


OBSERVATION — Here  a  reconnaissance  party, 
high  on  a  hilltop  somewhere  in  the  south  Pacific, 
spies  out  the  land  ahead.  The  man  in  the 
background  reports  by  means  oi  a  walkie-talkie 
to  the  main  body  of  troops,  safely  under  corer 
at  the  rear 


GUNFIRE — The  crew  in  the  background  blasts 
away  with  its  75-mm  iieldpiece,  receiTing  range 
corrections  Tia  the  foreground  pack  set  from  a 
spotter  located  at  a  point  from  which  the  effect 
oi  the  shells  may  be  seen 
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erformaiice  of  SELF  BIASED 
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an  effort  to  solve  the  power 
tube  problems  arising  from  the 
arious  classes  and  conditions  of 
ervice  which  the  power  tube  may 
called  upon  to  meet,  it  is  helpful 
to  have  within  reach  as  many  meth- 

fs  of  analysis  as  possible  to  make 
ailable  the  operating  or  dynamic 
pnaracteristics  of  the  power  tube. 
From  the  operating  characteristics 
rtay  be  determined  the  correct  val¬ 
es  of  the  potentials  and  circuit  con- 
tants  necessary  to  meet  the  special 
Conditions  and  limitations  of  the 

7t“oblems. 

The  dynamic  characteristics  of 
wwer  tubes  may,  of  course,  be  ob- 
Uined  by  testing  the  tube  directly 
it  the  frequency  at  which  it  will  be 
required  to  operate.  Special  meth¬ 
ods'  ‘  have  been  developed  for  testing 
the  tube  at  line  frequencies,  and 
these  methods  are  more  exact  and 
more  flexible  than  the  high  fre¬ 
quency  methods.  Other  methods  for 
obtaining  the  dynamic  characteris¬ 
tics  of  the  tube,  which  are  often 
tn  ire  convenient,  are  those  involving 
varinus  calculation  techniques.  Some 
of  these  are  based  on  analytical  ap- 
I'roximations  to  the  static  charac¬ 
ter  stic  curves  of  the  tube  and  others 
on  simplifying  assumptions  in 
rora!  ,i  to  the  wave  shape  of  the  cur- 
retit  pulses.*'“  Others  involve  graph- 
cal  integrations  of  the  current  wave¬ 
form  which  may  be  obtained  from 
the  characteristic  curves  of  the  tube. 
f)t  these  methods  of  calculation  some 
lit  very  accurate  but  laborious, 
I'hile  others  are  inaccurate  although 
apid.  A  method  of  calculation  de¬ 
scribed  by  Chaffee’*  which  employs 
he  static  characteristics  of  the  tube 
s  exact  enough  for  engineering  pur- 
and  is,  at  the  same  time,  rea¬ 
son  bly  rapid. 

In  the  above  methods  of  calcula- 
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A  procedure  is  given  for  determining  the  dynamic  char¬ 
acteristics  and  optimum  performance  of  self  biased 
modulated  amplifiers.  The  manner  in  which  polarizing 
voltages  vary  during  tube  operation  is  determined  as 
a  function  of  bias  resistor  and  its  location  in  circuit. 
Improved  linearity  of  circuit  operation  and  reduced 
peak  driving  power  are  shown  by  this  analysis 
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the  purpose  of  this  paper  to  present 
a  method  which  is  straightforward 
in  approach  and  which  may  be  ex¬ 
tended  to  other  types  of  resistance 
bias  operation  of  electron  tubes. 
Results  obtained  by  this  method 
throw  some  light  on  the  manner  of 
operation  of  resistance  biased  class 
C  plate  modulated  amplifiers. 

The  method  of  calculation  to  be 
described  here  requires  that  the  com¬ 
plete  static  characteristics  of  the 
tube  be  available.  These  may  some¬ 
times  be  obtained  from  the  manufac¬ 
turer  or  by  special  techniques  de¬ 
scribed  elsewhere.’*’  ’* 

To  clarify  the  treatment  which  is 
to  follow,  it  will  be  well  to  have 
clearly  in  mind  what  is  meant  by 
the  “path  of  operation”  and  the 
“power  stroke”  as  these  terms  are 
applied  in  class  C  operation  of  power 
tubes.  On  the  diagram,  the  path 
of  operation  represents  the  locus  of 
the  instantaneous  values  of  the  plate 
and  grid  voltages  during  a  complete 
cycle.  If  these  voltages  are  sinu¬ 
soidal  and  180  deg.  out  of  phase,  the 
path  of  operation  is  a  straight  line 
having  a  negative  slope,  and  cen¬ 
tered  at  the  quiescent  point,  Q,  as 
shown  in  Fig.  1.  The  end  points  for 


FIG.  1 — Static  curres  in  eA-a;  plane  ihow* 
ing  quiescent  point,  Q.  path  of  operation. 
A-B,  and  power  stroke,  Q-A 

tion  it  is  not  possible  to  obtain  the 
dynamic  characteristics  of  plate  mod¬ 
ulated  amplifiers  with  resistance  bias 
except  by  cut  and  try  methods.  In  a 
critical  analysis  such  technique  may 
be  exceedingly  time  consuming.  It  is 
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FIG  2. — Constant  plate  current  and  constant  grid  current  curves  (dotted)  of  tube 
whose  performance  as  self-biased  plate-modulated  amplifier  is  to  be  determined. 
For  plate  modulated  tube  with  constant  bias,  the  plate  operating  point  varies  between 
Q"  and  Q'".  Only  the  power  stroke  of  the  path  of  operation  is  shown 


the  path  of  operation  are  shown  as  audio  rate.  The  limiting  excursions 
A  and  B.  In  the  analysis  in  this  of  Q  are  Q" '  and  Q"  when  100  per- 
article,  we  are  concerned  only  with  cent  modulation  is  employed.  The 
that  part  of  the  path  of  operation  calculation  of  the  dynamic  charac- 
between  Q  and  A,  called  the  power  teristics  under  this  condition  of  op- 

stroke,  since  it  is  only  during  this  eration  is  straightforward.  It  is 

part  of  the  path  that  plate  and  grid  necessary  to  determine  only  the  end 
currents  flow.  point,  A,  of  the  path  of  operation  for 

any  given  position  of  the  point  Q 

Plot.  M.d.lot.<l  T.b.  wltb  Find  lio.  „„  ^ 

As  an  introduction  to  this  method  this  information  about  the  position 
let  us  first  consider  the  conditions  of  A  is  available,  the  shape  of  the 

that  exist  in  the  case  where  fixed  plate  or  grid  current  pulse  that  ex¬ 
bias  is  employed  in  the  modulated  ists  for  this  path  is  known.  By  the 

amplifier.  The  required  characteris-  application  of  any  of  the  harmonic 
tics  of  the  power  tube,  plotted  on  the  analysis  techniques  referred  to 
e*-e,  diagram  are  shown  in  Fig.  2.  previously,  the  average  or  funda- 
Under  “carrier”  conditions,  with  no  mental  components  of  the  current 
modulation  voltage  applied,  the  quies-  pulses  may  be  calculated.  The  deter- 
cent  point  established  by  the  appli-  mination  of  A  for  any  position  of 
cation  of  the  polarizing  potentials  to  Q  during  the  modulation  cycle  fol- 
the  tube  is  located  arbitrarily  at  Q'.  lows  from  the  selection  of  the  grid 
During  the  modulation  cycle,  when  excitation  and  the  equivalent  resis- 
generator  bias  or  battery  bias  is  em-  tance  of  the  tank  circuit.  The  selec- 
ployed,  this  Q  point  is  constrained  tion  of  the  grid  excitation  fixes  A 
to  move  vertically  up  and  down  as  in  the  horizontal  direction.  The  ver- 
the  amplitude  of  the  plate  polariz-  tical  position  of  A  may  be  found  by 
ing  potential  is  being  changed  at  an  first  assuming  three  or  four  possible 
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vertical  positions  as  indicated  - 
Ai,  At,  At  and  A,,  as  in  Fig.  3,  f 
different  values  of  fundamental  vi 
tage  across  the  plate  tank.  For  ea: 
assumed  position  of  A  we  may  calt^ 
late  the  fundamental  plate  cunen-. 
/nmi  by  the  use  of  an  appropriaii 
harmonic  analysis.  This  may  ^ 
plotted  as  a  function  of  as  i: 
dicated  in  the  lower  part  of  Fig.  ? 
On  the  diagram,  lines  . 

constant  equivalent  resistance  of  th 
tank  circuit  (i2*)<*)  =  L/RC 
will  appear  as  straight  lint 
In  Fig.  3  is  shown  the  line  con 
spending  to  the  particular  value 
(Jf?»)a)  =  Ai  chosen  for  this  calcula 
tion.  The  intersection  of  this  lin 
with  the  curve  through  the  varioi 
A  points  gives  the  vertical  coordinat 
of  the  end  point.  A'  of  the  path  i 
operation  for  the  particular  plat 
load  and  Q'  point  chosen,  as  indicate 
in  Fig.  2.  By  repeating  this  pnictd 
ure,  the  fundamental  and  aveia^v 
currents  in  both  plate  and  grid  eir 
cuit  may  be  calculated  by  th!' 
method  for  different  positions  of  Q 
and  the  value  of  A  may  be  deter¬ 
mined  for  each  value  of  Q  consistei: 
with  the  requirements  of  the  ^ri: 
excitation  and  equivalent  plate  n. 
sistance.  Knowing  the  fundament;, 
and  average  currents  for  any  Q  a: 
A  points,  the  power  output,  drivii  J 
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FIG.  3 — For  specified  plate  polariiinq  roll- 
age.  grid  bias,  and  grid  excitation  volt¬ 
age.  the  end  point  of  the  operating  petit' 
A’,  is  determined  by  selecting  severol 
arbitrary  end  points.  A,  to  A^,  (above). 
These  points  are  plotted  on  the 
plane  and  a  smooth  curve  drawn  Ihrouqk 
them.  The  intersection  of  this  curve  with 
the  load  line.  determines  the  deiired 

end  point.  A' 


jiAver,  plate  efficiency  and  other  so  above  the  e*  =  0  axis,  in  Fig.  3.  vertical  coordinate  of  A  can  be  de¬ 
railed  dependent  variables  of  the  When  these  coordinates  of  A  are  termined  for  any  given  equivalent 

iriodulating  system  may  be  cal-  found,  the  problem  is  greatly  simpli-  plate  resistance  in  the  following  man- 
Ir  ilated.  Hence,  the  dynamic  char-  fled,  as  will  be  shown.  ner.  First  we  select  an  arbitrary 

teristics  may  be  determined.  Now,  for  any  position  of  Q  on  the  position  for  Q  for  a  given  value  of 

plane,  (Fig.  2)  the  horizontal  plate  polarizing  potential  £^»»,  and  a 
i  ComplieatioRs  of  RosUtanco  Bias  coordinate  of  A  is  fixed  by  the  choice  specified  value  of  the  grid  polariz- 

When  resistance  bias  is  employed  of  the  grid  excitation  voltage.  The  ing  potential,  the  value  of  the 

the  problem  is  far  more  complicated, 
for  the  path  followed  by  Q  dur- 
!fng  the  modulation  cycle  is  no 
|..nger  known.  This  is  because  the 
average  grid  current  which  deter¬ 
mines  the  bias  is  a  function  of  the 
[  .sition  of  both  Q  and  A.  Since  Q 
not  known,  A  cannot  be  deter¬ 
mined.  For  example,  if  at  a  given 
carrier  condition  (zero  modulation) 

\:e  introduce  a  resistance  of  such  a 
value  as  to  replace  the  generator  and 
pply  the  same  bias  as  it  does,  op- 
i  eating  conditions  at  this  point  will 
he  identical  with  those  obtained  with 
ihe  generator.  But  if  the  plate  po- 
ir^ntial  is  increased  or  decreased,  the 
Tiuvement  of  the  Q  point  is  depend¬ 
ent  upon  the  way  the  grid  current 
will  vary,  consistent  with  the  limi- 
^fitions  imposed  upon  the  tank  circuit 
iquivalent  resistance  and  the  exci¬ 
tation.  Further,  if  the  bias  is  sup¬ 
plied  by  inserting  a  resistance  in  the 
athode  lead,  the  movement  of  Q 
ivill  depend  on  the  variation  of  the 
average  plate  current  in  addition  to 
[the  above.  Obviously,  the  path  fol- 
liiwfd  by  Q  will  be  a  complex  func- 
^i  'n  of  at  least  four  independent 
^variables,  E„,  and  (/2*)u), 

End  in  the  case  where  the  bias,  or 
rart  of  the  bias,  is  furnished  by 
^late  current,  by  five  independent 
variables,  the  fifth  variable  being  the 
f-ias  resistor. 

■  The  problem  then  is  to  determine 
?he  locus  which  the  Q  point  takes 
pLiiiiig  the  excursion  of  the  plate 
koltage  in  the  modulation  cycle.  Once 
Jhis  locus  is  determined  for  the  par- 
>^icular  grid  excitation,  equivalent 
^■late  resistance,  and  biasing  resis- 
I'ance  that  are  chosen  and  fixed  for 
calculation,  the  position  of  A 
[.'  ■'iild  be  determined  for  any  Q  point 
1^1  "iig  this  path  in  a  manner  similar 
( to  that  outlined  above. 


Amplitude  of  grid  excitation  —  Egj,„»400  V. 
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FIG.  4 — Graphical  plot  ol  end  points  of  the  path  oi  operation.  Each  cunre,  lor 
different  ealue  of  qrid  bios,  is  determined  in  the  same  manner  as  the  curve 
in  the  lower  half  of  Fig.  2.  The  intersection  of  the  plote  load  line  with  the  family 
of  curves  permits  the  determination  oi  data  for  one  curve  of  those  shown  in  Fig.  4. 
Several  such  diagrams  are  required,  each  for  the  same  grid  excitation  but  for 
different  values  of  plate  voltage 


FIG.  5. — For  constant  plate  load  and  grid  excitation,  this  family  oi  curves  (each  one 
oi  which  is  derived  from  a  family  like  those  of  Fig.  3)  shows  the  relation  between 
grid  bias  and  alternating  voltage  across  the  tank  circuit 
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p - Plate  load,  ( 

KmpHtude  of  grid  excitation,  Eg,rn 


However,  in 
( '  rder  to  find  the  path  which  Q  fol- 
P  vs  in  the  case  of  resistance  bias- 
it  is  necessary  first  to  find  the 
'  "Tdinates  of  A  for  any  likely  posi¬ 
tion  of  Q  during  the  modulation 
tyvle.  The  positions  that  A  is  likely 
t"  take  can  certainly  be  restricted 
to  that  portion  of  the  evCc  plane  to 
ttie  right  of  the  e*  =  0  axis  and 
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grid  excitation,  remaining 

fixed.  For  this  Q-point  we  may 
calculate  the  fundamental  plate  cur 
rent  amplitude  as  a  function  of  the 
fundamental  voltage  across  the  plate 
tank  circuit  in  a  manner  similar  to 
that  employed  in  the  case  of  gener¬ 
ator  bias.  For  the  tube  whose 
characteristics  are  shown  in  Fig. 
2,  and  for  operating  voltages 
z=  900  V.,  E,e  =  — 50  V.,  the  cur\'e 
obtained  is  that  labeled  Ec,  =  -5o 
volts  in  Fig.  4.  Other  curves  like 
this  may  be  obtained  by  holding  the! 
plate  polarizing  potential  £"»»  fixed  at 
900  volts  and  increasing  the  grid 
polarizing  potential  E,,  negatively  in 
steps  of  50  volts.  These  curves  take 
the  form  of  the  family  of 
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FIG.  6. — CuTTM  of  Fig.  4,  replotted  on  the  e»-ee  plane  (in  red)  and  super-imposed 
on  the  original  constant  current  cunres  of  Fig.  1.  The  composite  set  of  curres  enables 
the  end  point  A"  to  be  determined  for  any  Q'  point,  for  the  grid  excitation  Toltage. 
constant  grid  bios,  and  plate  load,  assumed  for  this  colculotion 


FIG.  7 — Family  of  curres,  for  different  ralues  of  plate  polarizing  roltage,  plotted  on 
grid  roltage-  orerage  grid  current  characteristics.  From  this  diagram  on  which 
grid  resistance  B,..  appears  on  a  straight  line,  the  paths  followed  by  Q  in  the  et,-e, 
plane  con  be  determined 
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FIG.  8 — Family  of^plote  polarizing  roltages  for  combined  grid  and  cathode  resistonce 
bios.  In  this  diogram,  it  has  been  assumed  that  Hee=9B»« 


shown  in  Fig.  4.  Lines  of  constant 
plate  resistance  may  now  be  drawTi 
on  this  diagram.  For  example,  the 
dashed  line,  Fig.  4,  represents  a  con¬ 
stant  equivalent  resistance  (Rt)ui  = 
1500  ohms.  Diagrams  similar  to  this 
one  are  obtained  for  a  number  of 
values  of  plate  polarizing  potential, 
and  on  each  the  same  line  of  con¬ 
stant  equivalent  plate  resistance  is 
drawn. 

For  various  values  of  plate  voltage 
the  intersection  of  the  lines  of  con¬ 
stant  grid  voltage,  with  the  line 
of  constant  plate  resistance 
may  be  plotted  on  a  diagram  having 
the  coordinates  of  Fig.  5.  These 
curves  of  Fig.  5  may,  in  turn,  be 
transferred  to  the  e»-€e  plane.  When 
this  is  done  they  take  the  form  indi¬ 
cated  by  the  red  curves  in  Fig.  6 
Actually  Fig.  5  is  only  an  intermedi¬ 
ate  diagram  which  is  convenient  to 
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A-  Cathode  resistance  bias 


B'  Generator  or  battery 
C*  Grid  resistance  bias 
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'iG.  9  — Cboractoristic  paths  of  ths  Q  point 
or  various  methods  of  bias.  Curro  A  is 
lor  cathode  resistance  bios,  and  is  the 
]oast  desirable  type  of  resistance  bios. 
Curve  B  is  for  constant  grid  voltage  bias. 
Curve  C.  which  represents  the  most  desir¬ 
able  typ*  oi  resistance  bios,  is  for  the 
bias  resistance  in  the  grid  circuit 
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FIG.  10  —Dynamic  characteristics  for  plate 
nodulated  amplifier,  for  three  types  of 
biasing  conditions.  Most  desirable  charac¬ 
teristic  is  that  for  which  power  output  is 
linearly  proportional  to  d.c.  plate  voltage, 
and  -naximum  driving  power  is  a  minimum 
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se  in  order  to  obtain  the  material 
,rt.-ented  on  Fig.  6. 


Effect  of  Resistance  Bias 


\Ve  have  not  yet  taken  into  account 
the  effect  of  resistance  bias,  which  is 
{Continued  on  page  128) 


Tube  Operation  for  Fixed  Bias,  Plate 
Modulated  Conditions 


When  the  family  of  curves  of  Fig. 
representing  lines  of  constant 
have  been  obtained  and  plotted 
the  diagram,  the  prob- 

em  is  almost  solved.  It  is  con- 
nient  to  draw  the  family  of  curves, 
„  =  constant,  on  transparent  or 
anslucent  paper  rather  than  to  plot 
them  directly  on  the  diagram 

^0  that  they  may  be  superimposed 
n  the  curves  of  Fig.  2,  as  shown  in 
Fijr.  6,  the  superimposed  curves  be- 
injr  indicated  in  red.  From  the  sup- 
mposed  curves  we  know  the  value 
that  must  be  used  for  any 
arbitrarily  chosen  Q  point.  For  any 
Q-point  in  the  region  to  the  left  of 
=  0  and  above  e*  =  0,  both  hori- 
7(intal  and  vertical  coordinates  of  A 
ire  now  determined,  since  the  as- 
inied  grid  excitation  gives  the 
horizontal  distance  of  A  from  the  Q 
point  while  the  value  of  on 

rahich  the  Q  point  falls  as  read  from 
the  red  curves  gives  the  vertical 
instance. 

I  An  example  will  help  clarify  the 
‘procedure.  The  derived  curves  (red) 
'are  superimposed  on  the  constant 
j current  static  curves  (black).  A 
I  point  Q'  is  arbitrarily  selected  at 
En  =z  1200  volts  and  E„  =  — 250 
volts.  This  Q'  point  cuts  the  derived 
curves  at  Ef,„  =  600  volts,  and  the 
excitation  voltage  was  taken  as  Egt„ 
=  400  volts.  Then,  with  Q'  as  the 
starting  point,  the  coordinates  of 
A’  are  e,  =  E„^  —  =  1200  - 

600  =  600  volts,  and  e,  =  E„  =  E^,„ 
=  —250  4-  400  =  -p  150  volts. 
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FIG  1 — Circuit  diagram  of  on  electronic  Toltage  regulator  using 
a  single  thyratron  and  a  lamp  bridge.  The  thyratron  carries 


only  that  fraction 
quired  for  effectiTe 


of  the  exciter  field  current  which  is  re- 
control  of  the  a-c  generator  output  voltaqi 


Numerous  electronic  regula¬ 
tors  for  small  and  medium- 
size  a-c  generators  have  been  de¬ 
scribed  in  the  literature  of  both 
physics  and  electrical  engineering. 
These  have  either  consisted  of  a 
large  number  of  tubes  with  rather 
complicated  circuits,  or  else  have  not 
utilized  to  the  fullest  extent  the  ad¬ 
vantage  of  the  electronic  regulator 
over  mechanical  regulators.  This  ad¬ 
vantage  lies  chiefly  in  the  rapid 
response  of  the  electronic  regulator. 

Several  years  ago  the  writer  de¬ 
veloped  a  simple  single-tube  elec¬ 
tronic  regulator  which  has  the  ad¬ 
vantages  of  simplicity  and  rapid 
response  as  well  as  stability,  and 
may  be  assembled  from  standard 
parts.  This  regulator  is  described  in 
the  first  part  of  this  paper. 

Later  developments  indicated 
changes  and  improvements  which 
made  possible  an  even  cheaper  regu¬ 
lator  for  small  generators.  This  sec¬ 
ond  regulator  is  described  in  the 
second  part  of  this  paper. 
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Single-Tube  Regulator 

Referring  to  the  complete  circuit 
diagram  in  Fig.  1,  the  machine  at 
the  right  is  an  ordinary  three-phase 
a-c  generator  (it  could  just  as  well 
be  a  single-phase  or  two-phase  a-c 
generator)  with  a  d-c  exciter  con¬ 
nected  to  furnish  the  excitation  for 


the  alternator  field.  The  a-c  genera¬ 
tor  is  provided  with  a  field  rheostat 
(which  is  usually  not  necessary  in 
practice),  and  the  d-c  exciter  is  pro¬ 
vided  with  a  field  rheostat.  This 
much  of  the  diagram  constitutes  the 
ordinary  commercial  set-up  for  any 
a-c  generator. 

The  heart  of  this  electronic  con¬ 
trol  circuit  is  an  FG-57  grid-con¬ 
trolled  mercury  vapor  rectifier  tube 
(thyratron)  with  a  negative  grid 
control  characteristic.  It  secures 
power  from  a  transformer  whose 
primary  is  connected  directly  to  the 
output  of  the  a-c  generator.  Second¬ 
ary  No.  1  of  this  transformer  sup¬ 
plies  the  proper  voltage  for  heating 
the  filament  which  requires  4.5 
amps  at  5  volts. 

The  bridge  circuit  consists  of  two 
115-volt,  75- watt  Mazda  lamps  (Ri 
and  R2)  and  two  115-volt,  120-watt 
carbon-filament  lamps  (R^  and  Rt). 
Secondary  No.  2  supplies  this  bridge 
circuit  with  a  voltage  of  approxi¬ 
mately  120  volts.  An  adjustable  re¬ 
sistor  R  is  provided  in  this  circuit 
so  the  applied  voltage  may  be  ad¬ 
justed  within  limits.  The  output  of 
this  bridge  circuit  is  applied  to  the 
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grid-cathode  path  of  the  thyratron 
through  2-fif  paper  condenser  C,. 
Secondary  No.  3  supplies  plate  volt¬ 
age  for  the  tube.  The  output  of  the 
tube  is  fed  to  the  exciter  field 
through  relay  contacts  S,. 

Relay  contacts  Si  are  used  to 
change  the  exciter  field  rheostat 
from  position  2  to  position  1.  The 
relay  itself  is  operated  by  a  motor- 
driven  time  delay  mechanism  which 
allows  the  thyratron  approximately 
five  minutes  to  warm  up  before  it  is 
called  on  to  function  as  a  regulator. 

The  circuit  C^RJi*  serves  to  pre¬ 
vent  the  tube  and  machine  from 
surging  or  hunting  while  in  opera¬ 
tion.  By  proper  proportioning  of 
these  three  values  the  action  is 
smooth  and  rapid.  Condenser  C,  is 
usually  4  to  5  /tf,  while  R,  and  E 
are  5000  to  8000  ohms  each.  Resistor 
R»  must  be  adjusted  to  the  time  con¬ 
stant  of  the  exciter  and  alternator 
fields.  Reducing  the  resistance  of  R- 
reduces  the  sensitivity  of  the  regu¬ 
lator,  hence  this  resistor  should  be 
set  at  the  highest  value  whiyh  will 
give  stable  operation. 
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Description  of  Operation 

When  the  a-c  generator  and  ex¬ 
citer  are  started  up  by  their  prime 
mover,  the  regulator  is  not  operative 
immediately.  Contacts  S2  are  open, 
and  contacts  Si  are  in  position  2. 
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WO  simple  circuits  are  given.  In  the  first,  a  single  large  thyratron  handles  only  the 
ortion  of  exciter  field  current  needed  for  control  purposes.  In  the  second  circuit,  for 
nail  a-c  generators,  a  thyratron  and  two  866’s  furnish  all  exciter  field  current 


ontrol  of  voltage  is  accomplished 
anually  by  means  of  the  exciter 
eld  rheostat.  The  voltage  is  ad- 
iisted  to  the  desired  value  by  hand 
s  load  is  applied  during  the  first 
ve  minutes.  A  motor-driven  time 
elay  switch  starts  up  immediately, 
fter  the  five-minute  delay,  during 
hich  time  the  filament  is  heated, 
he  delay  switch  energizes  the  relay, 
mtacts  Si  then  complete  the  plate 
ireuit  of  the  thyratron  and  contacts 
change  from  rheostat  position  1 
2.  The  Si  contacts  are  so  designed 
hat  the  circuit  is  made  at  1  before 
t  is  broken  at  2. 

The  regulator  is  now  in  operation 
ml  has  full  control  of  the  voltage. 
\  hen  the  machine  is  shut  down,  the 
ime  delay  relay  automatically  resets 
ts,  l!,  opening  Sj  and  throwing  S, 
rnni  position  1  to  position  2. 

The  reason  for  using  Si  to  change 
lie  rheostat  from  position  2  to  1 
'hen  the  tube  is  placed  in  operation 
.  as  follows:  The  exciter  rheostat 

)'■>  initially  adjusted  to  maintain  the 
•roper  alternating  voltage  with  the 
hvi  i  tron  inoperative  and  S,  in  posi¬ 
tion  2.  When  S,  is  closed,  the  tube  is 
inoperative  at  the  load  for  which  the 
p  iter  rheostat  was  set  during  the 
^varm-up  period.  If  some  load  were 
|(’ti  pped  from  the  alternator,  the 
^oltage  would  rise  above  normal. 
lAiiditional  resistance  is  introduced 


by  Si  so  that  even  at  no  load  the 
voltage  will  not  be  too  high  when 
the  electronic  regulator  is  operating. 
Best  results  are  usually  obtained  by 
a  resistance  betw’een  positions  1  and 
2  of  at  least  twice  the  exciter  field 
resistance,  with  the  optimum  value 
depending  on  the  constants  of  the 
machine. 

The  control  of  the  voltage  is  ac¬ 
complished  as- follows:  If  the  volt¬ 
age  drops  below  a  value  determined 
by  the  setting  of  rheostat  R  in  the 
circuit  of  secondary  No.  2,  bridge 
RiRRMi  unbalances  in  such  a  direc¬ 
tion  as  to  make  the  grid  of  the  thyra¬ 
tron  less  negative.  The  thyratron 
then  becomes  operative,  rectifying 
the  a-c  supply  from  secondary  No.  3 
and  feeding  this  rectified  pulsating 
direct  current  through  the  exciter 
field  in  the  same  direction  as  the 
regular  field  current  flows.  The  net 
excitation  of  the  field  thereby  in¬ 
creases,  causing  the  voltage  of  the 
exciter  to  rise.  The  current  in  the 
alternator  field  therefore  increases 
and  the  alternating  output  voltage 
rises. 

Parenthetically,  it  should  be  ex¬ 
plained  that  part  of  the  output  of 
the  tube  probably  flows  through  the 
exciter  field  rheostat  and  exciter 
armature,  thus  reducing  the  voltage 
drop  in  the  rheostat.  The  net  result 
is  to  raise  the  exciter  field  current. 


The  rising  alternating  voltage 
acts  through  the  transformer  to 
make  the  grid  more  negative,  stop- 
ing  conduction  of  the  tube.  This  in 
turn  allows  the  voltage  of  the  ex¬ 
citer,  and  thus  of  the  alternator,  to 
decrease  until  the  tube  again  be¬ 
comes  operative. 

To  prevent  the  circuit  from  surg¬ 
ing  or  hunting,  resistors  R^  and  R, 
and  condenser  Cj  are  connected 
across  the  exciter  output  as  shown. 
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2 — Method  of  connecting  a  thyratron  across  the  field  rheostat  for  Toltage  con¬ 
trol  purposes.  The  necessity  for  a  grid  bias  battery  is  one  drawback  of  this  pre¬ 
viously-used  arrangement 


prime 
erative 
i  open 
tion  2. 

)NICS 


When  the  exciter  voltage  rises,  a  had  the  disadvantage  of  requiring  once  started  it  continues  to  conduct 
charging  current  flows  through  this  maximum  tube  current  at  light  loads,  until  the  plate  voltage  E,  is  reciuced 
circuit.  The  momentary  voltage  drop  and  also  was  slow  in  response  to  to  zero.  The  critical  plate  voltage  re- 
across  R  is  in  such  a  direction  as  to  sudden  increases  in  load.  quired  to  cause  the  tube  to  fire  with 

bias  the  grid  of  the  tube  negatively  Another  method  of  connection  no  grid  voltage  is 
with  respect  to  the  cathode,  which  which  has  been  previously  used  is  Figure  3B  shows  the  voltage  drop 
tends  to  make  the  tube  inoperative,  that  shown  in  Fig.  2,  where  the  tube  of  the  rheostat  (//2i)  added  to  The 
This  action  prevents  the  system  is  connected  in  parallel  with  the  field  actual  grid  control  voltage  obtained 
from  setting  up  sustained  oscilla-  rheostat.  Such  a  circuit  required  from  the  bridge  circuit  of  Fig.  i  jj 
tions,  called  hunting  or  surging.  Re-  the  use  of  a  grid  bias  battery  to  shown  by  dotted  curve  If  the 
sistance  R«  also  acts  as  a  grid  leak  allow  the  grid  to  remain  in  control  voltage  drop  is  greater  than  the 
from  the  grid  to  the  cathode.  at  all  times.  critical  plate  voltage  E'„  the  tube 

By  properly  proportioning  the  In  order  to  show  why  this  was  conducts  during  the  entire  pdsitive 
values  of  i?5,  /2„  and  C,  the  action  necessary,  we  will  consider  the  rela-  half-cycle  and  the  grid  voltage  can 
can  be  made  so  smooth  and  rapid  tive  directions  of  current  flow  in  the  never  gain  control.  It  then  becomes 
that  no  change  is  detected  in  the  al-  tube,  exciter,  and  rheostat.  In  Fig.  necessary  to  add  a  grid  bias  battery 
ternating  voltage  when  the  load  is  2,  the  dotted  arrows  indicate  current  to  the  grid  circuit,  to  prevent  the 
constant.  The  recovery  of  the  volt-  flow  in  the  circuit  due  to  the  exciter  tube  from  firing  until  a  new  value 
age  when  full  load  is  suddenly  ap-  voltage  E^,  and  the  solid  arrows  in-  of  critical  voltage  E'\  is  reached, 
plied  to  the  a-c  machine  is  quicker  dicate  current  flow  due  to  the  tube  This  battery  arrangement  is  unsat- 
than  with  other  conventional  regu-  output.  It  is  seen  that  the  tube  cur-  isfactory  for  two  reasons:  1.  The 
lators,  since  it  does  not  depend  rent  flows  through  the  field  rheostat  grid  bias  battery  is  likely  to  go  dead 
entirely  on  the  time  constants  of  the  in  a  direction  opposite  that  of  the  without  warning,  thus  allowing  the 
alternator  and  exciter  fields.  When  generator  current,  thus  decreasing  tube  to  conduct  all  the  time  and  raise 
more  voltage  is  required,  the  exciter  the  voltage  across  the  field  rheostat  the  voltage  to  a  value  which  would 
field  is  energized  almost  instantly  and  increasing  the  total  current  in  destroy  connected  loads;  2.  The  vol- 
by  the  output  of  the  tube.  the  field.  The  rheostat  voltage  drop  tage  drop  increases  with  increase  of 

is  in  the  same  direction  as  that  excitation,  so  unless  the  bias  voltage 

Other  EleetroRie  RegMiator  Circeits  half-cycle  of  the  alternating  voltage  is  carefully  adjusted,  the  voltage 

In  some  previous  electronic  regu-  which  causes  the  tube  to  fire,  and  drop  with  heavy  loads  and  large  ex- 
lators  the  output  of  the  tube  was  the  two  direct  voltages  add.  The  re-  citers  may  rise  high  enough  to  over- 
connected  across  the  field  of  the  ex-  suiting  actions  are  portrayed  by  the  come  the  grid  bias  and  allow  the 
citer  so  as  to  reduce  the  excitation  diagrams  in  Fig.  3.  tube  to  operate  without  control, 

at  light  loads.  When  the  load  came  In  Fig.  3A  is  the  well-known  con-  If  now  the  output  of  the  tube  is 
on  and  the  alternating  voltage  trol  characteristic  of  the  thyratron.  connected  directly  across  the  ex- 
dropped,  the  tube  was  blocked  and  The  tube  will  start  to  fire  at  any  citer  field,  as  is  done  in  the  new  cir- 
the  excitation  rose  according  to  the  time  during  the  cycle  that  the  grid  cuit  in  Fig.  1,  the  voltage  drop  across 
time  constants  of  the  exciter  and  voltage  is  more  positive  than  the  the  field  opposes  the  half-cycle  of  the 
alternator  fields.  This  arrangement  dotted  grid  characteristic  curve,  and  alternating  plate  voltage  which 

,  ^  ^ — Alternatiye  electronic  Toltage  regulator  circuit  which  heu  proved  latisiactory 

'  ^  applications  where  the  maximum  exciter  field  current  does  not  exceed  1  amp 
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causes  the  tube  to  fire,  as  shown  in 
Fig.  3C.  The  critical  plate  voltage 
always  occurs  after  the  grid 
voltage  increases  negatively,  no  grid 
bias  battery  is  required,  and  the  en¬ 
tire  circuit  is  always  stable. 

Otktr  Fcatarcs  of  New  Rcgvlator 

With  the  regulator  shown  in  Fig. 
1,  the  excitation  is  aided  by  the  tube 
when  the  load  comes  on,  thus  rais¬ 
ing  the  voltage  more  rapidly.  Also, 
the  tube  is  only  fully  conducting 
during  short  periods  of  very  heavy 
loads.  Under  normal  loads  it  recti¬ 
fies  only  a  small  portion  of  the  time, 
which  results  in  increased  tube  life. 
Some  of  the  required  current  for  the 
exciter  field  comes  normally  from 
the  exciter  armature  itself,  and 
hence  the  tube  can  be  much  smaller 
than  if  it  supplied  all  the  field  cur¬ 
rent.  No  special  field  winding  is  re¬ 
quired;  any  standard  exciter  will 
work  with  this  arrangement. 

The  development  work  on  this 
regulator  was  done  on  two  differ¬ 
ent  5-kva,  3-phase,  230-volt  alterna¬ 
tors,  one  a  sine-wave  alternator  and 
the  other  a  salient-pole  machine 
having  a  very  pronounced  19th  har¬ 
monic  due  to  slot  ripple.  These  ma¬ 
chines  were  driven  by  7.5-hp  d-c 
compound  motors.  As  a  performance 
test,  each  alternator  was  driven  at 
rated  speed  at  no  load,  and  one  and 
one-half  times  full  balanced  3-phase 

FIC.  $ — The  shaded  portions  indicate  the 
diTis.on  oi  load  between  the  two  haWes 
oi  the  rectiiier  circuit  oi  Fig.  4  under  dii- 
ierent  loads 


load  at  100  percent  power  factor 
was  thrown  on  the  machine.  Beyond 
the  momentary  dip  due  to  the  lag 
of  the  machine  fields,  no  change  in 
voltage  could  be  determined  on  the 
300- volt  scale  of  a  Weston  a-c  volt¬ 
meter  even  though  the  speed  of  the 
driving  motor  decreased  about  15 
percent. 

The  same  result  was  obtained  with 
70  percent  power  factor  balanced 
load.  With  single-phase  loading  the 
voltage  on  the  regulated  phase  was 
constant,  although  of  course  the 
three-phase  voltage  was  unbalanced. 

The  time  delay  consists  of  a  clock 
mechanism  manufactured  by  Han¬ 
sen  Manufacturing  Co.,  and  may  be 
obtained  on  special  order  with  the 
minute  hand  making  one  revolution 
in  five  minutes.  A  small  cam  placed 
on  this  shaft  acts  on  one  blade  of  the 
relay,  closing  the  contacts.  This  ener¬ 
gizes  the  relay  coil,  closing  S,  and 
changing  S,  from  contact  2  to  con¬ 
tact  1  and  thus  putting  the  regula¬ 
tor  in  operation.  The  motor  on  the 
clock  mechanism  is  still  energized  as 
long  as  the  cam  touches  the  blade, 
so  it  runs  until  the  cam  is  free. 
The  motor  then  stops,  and  is  ready 
for  another  cycle  of  operation. 

Simplified  Regulator  for  Small 
Generators 

Where  the  maximum  field  current 
of  the  exciter  does  not  exceed  1  amp, 
the  circuit  shown  in  Fig.  4  is  just 
as  satisfactory  as  the  previous  one, 
and  the  cost  of  the  parts  is  less. 
Several  regulators  of  this  design 
have  been  in  commercial  use  over  a 


thyratron  for  the  other  half-cycle. 
As  is  commonly  known,  if  one  half 
of  the  cycle  of  a  rectifier  feeding  an 
inductance  is  controlled,  the  current 
during  the  other  half  of  the  cycle 
will  necessarily  be  the  same,  due  to 
the  inductance.  Thus  only  one  grid- 
controlled  tube  is  needed. 

Two  866  tubes  are  used  in  parallel 
because  they  normally  carry  the 
greatest  part  of  the  current,  with 
the  grid-controlled  tube  operating 
over  a  very  small  portion  of  the 
cycle.  To  make  these  two  866  tubes 
divide  the  current  equally,  a  50- 
ohm,  10-watt  fixed  resistor  is  con¬ 
nected  in  series  with  each  plate  as 
shown  in  Fig.  4. 

Figure  5A  shows  the  division  of 
load  between  the  grid-controlled  tube 
and  the  866  tubes  for  light  load  con¬ 
ditions,  while  Fig.  5B  shows  the 
changed  conditions  for  heavy  load. 
The  866  tubes  continue  to  conduct 
until  the  applied  voltage  E,  on  the 
grid  of  the  control  tube  becomes  less 
negative  than  the  grid  control  char¬ 
acteristic,  even  though  these  tubes 
may  be  conducting  in  the  range 
where  the  applied  voltage  is  in  the 
wrong  direction.  This  action  is  due 
to  the  inductance  of  the  exciter 
field.  The  grid-control  tube  cuts  off 
as  soon  as  the  applied  voltage  on 
the  866  tubes  is  sufficient  to  equal 
the  internal  tube  drop,  at  which 
time  the  pair  of  tubes  again  takes 
over.  Voltage  E,  is  the  applied  plate 
voltage  for  the  grid-controlled  tube; 
the  plate  voltage  for  the  866  tubes 
xvill  be  inverted,  since  it  is  obtained 
from  another  half  of  the  ti'ansformer 
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year  on  40-kva,  1200-rpm  machines. 

The  same  voltage-sensitive  bridge 
described  for  the  first  regulator  is 
used.  The  plate  supply  is  a  center- 
tapped  500-volt  winding  which  serves 
a  full-wave  rectifier  circuit  feeding 
the  exciter  field  directly.  The  re¬ 
sponse  is  slightly  more  rapid  than 
that  of  the  previous  regulator,  but 
the  adjustment  of  anti-hunting  cir¬ 
cuit  is  more  critical.  For  this 

reason  /?« is  a  1000-ohm  fixed  resistor 
in  series  with  a  5000-ohm  variable 
wire-wound  resistor  which  can  be 
adjusted  readily  to  eliminate  hunt¬ 
ing.  Reducing  this  resistance  re¬ 
duces  the  sensitivity  of  the  regula¬ 
tor,  hence  the  maximum  value  which 
gives  stable  operation  should  be 
used. 

The  rectifiers  are  tw’o  866/866A 
tubes  operated  in  parallel  for  one 
half  of  the  cycle,  and  an  FG-17 


secondary. 

Since  these  tubes  reach  operating 
filament  temperature  in  15  to  20 
seconds,  the  time  delay  device  is 
considerably  simplified.  A  20-second 
delay  thermal  strip  which  operates 
on  12  volts  is  used. 

The  field  rheostat  is  set  by  hand 
to  give  rated  voltage  when  the  ma¬ 
chine  is  brought  up  to  normal  speed. 
At  the  end  of  the  20-second  time 
delay  interval,  contact  4  on  the 
thermal  delay  closes,  energizing  the 
relay  coil.  Relay  contact  1  then  con¬ 
nects  the  exciter  field  to  the  regu¬ 
lator.  Relay  contact  3  closes,  provid¬ 
ing  a  holding  circuit  which  keeps 
the  relay  energized.  Relay  contact  2 
opens,  breaking  the  circuit  through 
the  heater  on  the  thermal  delay  and 
allowing  this  heater  to  cool  down  in 
readiness  for  another  cycle  of 
operation. 
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Semi-circle  diagram  permits  rapid  conversion  of  series  values  of  an  impedance  to  the  equiv¬ 
alent  of  an  impedance  composed  of  parallel  elements,  and  vice  versa.  Chart  may  he  applied 
[over  wide  range  of  impedance  values. 


IN  dealing  with  circuits  containing 
resistance  and  reactance,  the  need 
often  arises  for  a  quick  and  easy 
method  of  converting  the  series 
values  of  an  impedance  to  the  equiv¬ 
alent  parallel  values.  The  possibility 
of  a  graphical  process  appeared  most 
useful  and  the  semicircle  diagram 
has  been  devised  as  a  graphical 
method  of  meeting  these  require¬ 
ments.  This,  of  course,  conforms  to 
a  general  type  of  circle  diagram 
which  is  already  quite  familiar. 

Any  point  on  this  diagram  repre¬ 
sents  an  impedance  whose  series  re¬ 
sistance  and  reactance  are  indicated 
by  its  rectangular  coordinates,  while 
the  equivalent  parallel  components 
are  given  by  the  values  where  the 
corresponding  circular  coordinates 
cut  the  resistance  and  reactance 
axes,  remote  from  the  origin. 

For  finding  the  equivalent  series 
components  of  an  impedance  ex¬ 
pressed  as  parallel  quantities,  the 
resistance  and  reactance  circles  cor¬ 
responding  to  the  parallel  values  are 
followed  round  to  their  point  of 
intersection.  The  rectangular  co¬ 
ordinates  of  this  point  indicate  the 
equivalent  series  components  of  the 
impedance.  As  the  chart  is  symmet¬ 
rical  about  the  diagonal  X,  =  /?„ 
either  axis  may  be  used  for  resis¬ 
tance  as  long  as  the  other  axis  is 
used  for  reactance. 

Values  at  which  the  circles  would 
meet  their  respective  axes  have  been 
marked  against  some  of  the  circles. 
The  range  of  the  diagram  may  be 
increased  by  applying  a  common 
multiplication  factor  to  the  scales  of 
both  axes  and  the  figures  marked  on 
the  circles. 


BY  R.  TOOMBS 

firitifih  Broadcanting  Curii. 
London,  England 


The  chart  is  particularly  useful  in 
the  design  of  networks  for  matching 
two  circuits  of  different  impedances. 
Where  a  resistance  load  of  Ra  is  to 
be  built  out  to  match  a  circuit  of 
higher  resistance  Rb  without  any 
power  loss,  this  can  be  done  by  add¬ 
ing  a  series  reactance  j.Xa  and  then 
shunting  the  combination  by  a  paral¬ 
lel  reactance  y’pX,  of  opposite  sign. 
The  resistance  circle  corresponding 
to  the  value  of  Rb  is  followed  until  it 
cuts  the  rectangular  resistance  or¬ 
dinate  of  the  value  of  Ra.  The  other 
rectangular  and  circular  ordinates 
of  this  point  immediately  give  the 
respective  values  of  the  series  and 
parallel  reactances,  J.Xa  and  j^Xb, 
which  are  required  to  effect  the 
matching.  These,  of  course,  must  be 
of  opposite  sign. 

Examples:  (1)  To  find  the  equiv¬ 
alent  parallel  components  of  an  im¬ 
pedance  expressed  as  19  ohms  resis¬ 
tance  in  series  with  9  ohms  positive 
reactance.  The  impedance  point  on 
the  chart  is  determined  by  the  rec¬ 
tangular  coordinates  from  19  on  the 
horizonal  (resistance)  axis  and  9  on 
the  vertical  (reactance)  axis.  The 
circles  which  intersect  at  this  point 
would  cut  these  two  axes  respectively 
at  23.25  and  49.  Therefore,  a  re¬ 
sistance  of  23.25  ohms  shunted  by  a 
reactance  of  49  ohms  is  equivalent  to 
the  given  impedance  expressed  as  a 
resistance  of  19  ohms  in  series  with 
a  reactance  of  9  ohms. 


(2)  To  match  an  antenna  of  19 
ohms  resistance  and  142  ohms  series 
reactance  to  a  100  ohm  transmission 
line.  For  convenience  of  operation 
on  the  chart,  half  the  above  values 
are  considered,  and  an  impedance  of 
9,5— y.71  converted  to  a  pure  resis¬ 
tance  of  50  ohms.  This  is  also  a  case 
where  it  is  advantageous  to  use  the 
vertical  axis  for  resistance  and  the 
horizontal  axis  for  reactance.  The 
rectangular  ordinate  from  9.5  on  the 
vertical  axis  cuts  the  50  resistance 
circle  (i.e.  which  would  meet  the  ver¬ 
tical  axis  at  50)  at  the  point  whose 
other  rectangular  and  circular  or¬ 
dinates  meet  the  horizontal  axis  at 
19.62  and  24.25  respectively.  Thus 
we  have 

9.5  It  j.  19.62  =  50  It  j,  24.25 
and  multiplying  by  2 

19  It  j.  39.24  =  100  It  j,  48.5 
Therefore,  if  the  antenna  reactance 
of  —  yi42  ohms  is  reduced  to  — ;,39.24 
ohms  by  the  addition  of  a  series  coil 
having  a  reactance  of  102.8  ohms, 
the  circuit  will  be  equivalent  to  100 
ohms  resistance  in  parallel  with  a 
negative  reactance  of  48.5  ohms. 
This  reactance  is  then  tuned  out  by 
a  shunt  coil  of  +  48.5  ohms  reactance 
thus  leaving  the  equivalent  pure  re¬ 
sistance  of  100  ohms  to  match  the 
feeder. 

If  the  added  series  coil  had  a  re¬ 
actance  of  181.24  ohms  (i.e.  142  -1- 
39.24)  the  effective  series  reactance 
of  this,  together  with  the  antenna, 
would  be  +7,39.24  ohms.  The  equiv¬ 
alent  parallel  reactance  would  also  be 
positive  and  would  have  to  be  tuned 
out  by  a  shunt  condenser  of  48.5 
ohms  reactance  to  leave  the  same 
pure  resistance  of  100  ohms. 


ELECTRONICS  REFERENCE  SHEET 


An  Example  of  Goneral  Electric’s  Complete 
Service  to  Radio  and  Television  Broadcasters 


Once  television  actors  had  to  work  under 
hot  studio  lights  that  brought  beads  of 
;  perspiration  through  make-up,  wilted 
costumes,  caused  discomfort,  hindered 
good  production. 

Today  at  General  Electric’s  proving- 
I  ground  Television  Station  WRGB, 
Schenectady,  made-up  faces  stay  cool, 
costumes  don’t  wilt.  Excessive  studio  air 
conditioning  is  no  longer  necessary.  For 
the  handicap  of  high  heat  from  studio 
I  lights  is  on  its  way  to  being  completely 


licked  by  G-E  developed,  mercury-filled 
capillary  lamps.  They  give  illumination 
of  daylight  intensity  with  less  than  half 
the  heat  of  the  noonday  sun.  Water-cooled, 
and  three  to  a  unit,  they  have  a  light  effi¬ 
ciency  more  than  double  —  and  heat 
output  one-tenth  —  that  of  incandescent 
lamps.  And  one  control  panel  aims  a 
dozen  of  them,  noiselessly,  indepen¬ 
dently,  anywhere  in  the  studio. 

These  lamps  that  give  cool  studio  light¬ 
ing  are  another  example  of  the  bold 


research  that  will  enable  G-E  electronics 
engineers  to  build  improved  cathode-ray 
scanning  and  picture  tubes,  cameras, 
transmitters,  and  other  equipment  for 
post-war  television. 

All  this  so  that  television  may  more 
quickly  find  its  proper  place  in  the  peace¬ 
time  scheme  of  things  as  a  vital  medium 
of  public  entertainment  and  education, 
.  .  .  Electronics  Department,  General 
Electric,  Schenectady,  i\etv  York. 


Tune  in  on  Frazier  Hunt  and  the  Seirs  every 
Tuesday,  Thursday,  Saturday  evenings  over  C.B.S. 
On  Sunday  night  listeti  to  the  "Hour  of  Charm" 
over  S.B.C.  See  newspapers  fur  time  and  station. 
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Bright  but  cool  lights  now  simplify  live-talent  programming  at  G-E  Television  Station  WRGB 


Studio  lighting  bright  as  daylight . . .  and  cool 
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Simple  Test  Set  For 
Mercury  Vapor  Rectifiers 
By  M.  J.  Weiner 

The  usual  difficulties  encountered 
with  mercury  vapor  rectifiers  can  be 
held  to  a  minimum  if  certain  oper- 
atinsr  conditions  are  maintained.  In 
properly  designed  equipment  the 
tube  temperatures  are  held  within 
certain  prescribed  limits  to  avoid 
arc-backs.  The  internal  tube  drop, 
however,  is  a  function  of  the  fila¬ 
ment  emission  and  load  current,  and 
increases  with  the  age  of  the  tube. 

Since  there  has  been  no  readily 
available  measuring  equipment  to 
check  the  filament  emission  of  mer¬ 
cury  vapor  tubes,  it  was  decided  to 
build  one  in  as  simple  a  form  as  pos¬ 
sible  to  permit  routine  tube  tests. 
The  test  set  to  be  described  gives  an 
indication  of  the  tube  performance 
by  measuring  the  tube  drop  when 
passing  rated  current.  The  parts  re¬ 
quired  are  simple  and  few  in  number. 

The  basic  circuit  is  shown  in  Fig. 
1.  Being  a  half-wave  rectifier  circuit 
with  resistance  load,  the  average  vol¬ 
tage  drop  across  the  tube  and  re¬ 
sistor  is 

{Et  “t"  Edc)  av.  = 

Em»x/  ?T  J'  sin  wt  dut  =  0.318 

The  a-c  voltmeter  reads  the  effec¬ 
tive  value  E,  however,  so  the  maxi¬ 
mum  (peak)  applied  voltage  is 
E^  =  1.414  E 
Substituting: 

{Et  -+*  Edc)  av.  =  0.45  E 
Et  =  0.45  E-Edc 

For  the  initial  calibration  proce¬ 
dure,  place  a  new  tube  in  the  proper 
socket  for  a  preliminary  warm-up 
period,  with  the  plate  supply  off. 
Next,  apply  plate  voltage  and  in¬ 
crease  it  until  the  d-c  ammeter  in¬ 
dicates  the  rated  load  current  for  the 


particular  tube  under  test.  This  is 
1.25  amp  for  a  type  872  tube,  and  0.5 
amp  for  a  type  866  tube.  Read  the 
d-c  voltmeter  connected  across  the 
resistor  to  get  the  value  of  Edc>  Read 
the  a-c  voltmeter  to  get  the  r.m.s 
applied  voltage  E.  Now,  subtract 
Edc  from  0.45  E  to  get  the  average 
tube  drop  Et.  Repeat  for  each  other 
type  of  tube  to  be  tested  and  record 
all  values.  (If  it  is  desired  to  rate 
the  tube  in  terms  of  peak  values, 
multiply  this  result  by  it.) 


Fig.  1 — ^Bosic  drcidt  arrangement  ior 

testing  a  mercury  vapor  rectifier  tube 


Fig.  2 — Schematic  circuit  diagram  of  a 
simple  test  set  for  mercury  vapor  recti¬ 
fiers.  Additional  sockets  con  be  provided 
for  other  types  of  tiibes  if  desired 

A  calibration  chart  can  now  be 
made  up,  showing  the  drop  across 
the  resistor  at  rated  load  current  for 
each  type  of  tube  to  be  tested.  The 
d-c  voltmeter  across  the  resistor  may 
then  be  removed  and  this  chart  can 
be  used  to  find  the  value  of  Edo  for 
the  tube  being  tested. 

If  the  tube  drop  Et  as  measured 
for  an  old  tube  exceeds  the  drop  in 


a  new  tube  by  5  to  10  volts,  erratic 
operation  of  the  rectifier  equipment 
will  follow  and  the. tube  should  be 
taken  out  of  service.  It  may  still  give 
many  hours  of  useful  service,  how¬ 
ever,  in  lower-powered  equipment, 
where  the  load  requirements  are  less. 

The  complete  schematic  circuit  of 
the  test  set  is  shown  in  Fig.  2.  The 
filament  voltage  at  each  tube  socket 
must  be  the  exact  value  required  for 
the  tube  under  test. 

The  tube  to  be  tested  is  placed  in 
the  correct  socket  and  allowed  to 
warm  up  with  plate  supply  off. 
Plate  voltage  is  then  adjusted  until 
the  ammeter  reads  rated  load  cur¬ 
rent  for  the  tube,  and  the  a-c  volt¬ 
meter  is  read  to  get  E.  Reference  to 
the  calibration  chart  gives  Edo  for 
the  rated  load  current,  and  this  sub¬ 
tracted  from  0.45  E  gives  the  aver¬ 
age  tube  drop  Et. 

The  equipment  is  calibrated  in 
terms  of  the  readings  obtained  with 
a  new  tube  because  the  input  voltage 
required  for  rated  load  current  will 
vary  according  to  the  position  of  the 
d-c  return  lead  with  respect  to  the 
filament  winding.  For  example,  con¬ 
necting  the  d-c  return  to  the  fila¬ 
ment  center-tap  will  not  give  a  value  j 
of  input  voltage  which  is  the  means 
of  the  values  obtained  by  connecting 
this  lead  to  either  side  of  the  fila¬ 
ment. 

The  variable  voltage  is  obtained 
from  a  UTC  Varitran,  but  the  same 
result  can  of  course  be  obtained  with 
a  fixed  transformer  using  a  primary 
rheostat. 

Photoelectric 

Manometer 

By  W.  E.  Gilson,  M.D. 

The  photoelectric  membrane  man¬ 
ometer  described  in  the  article  “Ap¬ 
plications  of  Electronics  to  Physi¬ 
ology”  on  pages  86-89  of  the  Jan. 
1943  issue  of  Electronics  provided 
a  means  for  making  an  accurate  rec¬ 
ord  of  pressure  changes  in  the 
cardiovascular  systems  of  animals 
such  as  dogs  and  turtles.  It  has  since 
become  desirable  to  reduce  both  the 
size  and  weight  of  the  manometer. 

The  resulting  improved  mano¬ 
meter  is  shown  in  Fig.  1.  The  lens 
forms  an  image  of  the  exciter  lamp 
filament  directly  above  the  rubber 
diaphragm,  with  the  lower  part  of 
'  (Continued  on  page  HO) 
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Guardians  of  tho  sea — out  across  the  North  AHontic«  Coast  Guard  cutters  help  guard  our  life-lines. 


Wherever  and  whenever  there  is  a  vital 
message  to  be  sent^  CINCH  parts  are  pretty  certain  to  be 
there  to  ^^see  it  through^\  In  the  communication  system  in 
every  service  of  land^  sea,  and  air;  CINCH  parts,  sockets, 
connectors,  etc.  are  used  to  give  dependable  service. 

CINCH 

MANUFACTURING  CORPORATION  •  2335  WEST  VAN  BUREN  STREET  •  CHICAGO.  ILL. 


SUBSIDIARY:  UNITED-CARR  FASTENER  CORP.,  CAMBRIDGE,  MASS 
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Recording  Unit 
for  Strain  and 
j  Timing  Functions 

(Continued  from  page  83) 


serving  of  oscillograph  screen  and 
lamp  box  and  for  focusing  the 


^rOR  A  POST-WAR  GARAGE 


You  push  the  button  in  your  car  as 
you  pull  up  to  your  drive  and  presto 
the  garage  door  opens.  In  you  go. 
Press  another  button  and  the  door 
closes  ...  To  put  this  time  and 
trouble  saving  device  on  millions  of 
post-war  cars  is  one  of  the  exciting 
jobs  awaiting  the  electronic  industry 
when  the  war  is  won.  No  doubt 
you’ve  thought  of  others.  And  when 
you  are  thinking  ahead,  we’d  like  you 


to  keep  in  mind  that  Jackson  elec¬ 
tronic  test  instruments  will  have  a 
part  in  this  bright  future.  They’ll  be 
used  in  laboratories  where  post-war 
products  are  designed.  They’ll  be 
used  in  service  shops  where  they  are 
repaired  and  maintained. 
Remember:  a  Jackson  instrument — 
multimeter,  tube  tester,  oscillograph, 
or  whatever  —  means  what  it  says, 
within  limits  established  for  the  job. 


■ 

All  Jackson  employees —  RB~mw  WW 

^ul!  100% — are  buying  _ 

War  Bonds  a 

plan.  Let’s  ALL 

i^ine  c/ecluca/  ^e^lng 

THE  JACKSON  ELECTRICAL  INSTRUMENT  COMPANY.  DAYTON,  OHIO 


A  diagram  of  the  complete  equip, 
ment  is  shown  in  Fig.  6.  The  vari- 
ous  units  are  set  up  at  some  distance 
from  the  machine  under  observation 
so  that  the  machine  can  perform  un¬ 
disturbed  and  the  recording  equip¬ 
ment  is  not  affected  by  too  severe  vi¬ 
brations.  Five  hundred  feet  of  trail¬ 
ing  cable  is  available  for  each  bridge 
circuit  and  for  the  gas  discharge 
lamps.  This  makes  it  possible  to  take 
recordings  from  very  large  machines 
and  from  moving  units  like  tractors 
and  scrapers  when  they  are  under 
actual  operating  conditions. 

Remote  Control  Actvotor 

Recording  is  started  and  stopped 
by  a  six  volt  remote  control  system. 
It  actuates  the  camera  motor,  the 
power  supply  for  the  discharge 
tubes,  and  a  double  pole  relay  which 
throws  the  electron  beam  on  and  off 
I  the  screen  of  the  cathode  ray  tube. 

All  amplifiers  are  on  all  the  time  to 
,  keep  filament  temperature  even  and 
[  to  make  recording  possible  at  the 
!  instant  the  machine  under  obsena- 
tion  performs  as  desired.  Yet,  no 
I  film  is  wasted  and  the  fluorescent 
screen  of  the  cathode-ray  tube  is 
afforded  maximum  protection. 
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\  EUctren  btam  tui*  of  atom-smashtr. 


In  the  vast  new  province  of  Nuclear  Physics  the 
atom-smashing  “Big  Guns”  — the  Van  de  Graaff 
generators,  the  cyclotrons  and  betatrons— are 
carrying  on  a  campaign  of  creative  destruction. 

Manned  by  an  army  of  collaborating  special¬ 
ists,  this  massive  and  complex  artillery  has  al¬ 
ready  achieved  spectacular  results  in  the  medical, 
chemical  and  biological  fields  and  in  scientific 
developments  which  must  remain  secret  for  the 
duration.  The  "smashing”  of  atoms  has  released 
new  energies,  created  new  atoms. 

Despite  the  tremendous  force  required  to 
produce  high-speed  electrons,  protons  and  ions, 
the  controls  and  measuring  devices  perform  with 
amazing  accuracy. 

IRC  is  proud  to  have  contributed  to  the  de¬ 
velopment  of  resistor  units,  both  Wire  Wound 
and  Metallized— of  fixed  and  variable  types — 
used  in  the  measuring  instruments.  And  IRC 


engineers  have  produced  special  resistors  used  to 
stabilize  corona  and  other  disturbing  phenomena 
in  atom-smashers. 

If  you  are  confronted  with  a  problem  involving 
resistance  devices,  we  invite  your  inquiry.  Our 
engineering  staff,  specialists  in  the  design  of  all 
types  of  resistors,  can  be  depended  upon  for 
impartial  counsel. 


NTERNATIONAL  RESISTANCE  COMPANY 


403  N.  BROAD  ST.,  PHILADELPHIA 
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CLEVELAND,  OHIO 


WE  CAN  HANDLE  SUBCONTRACTS 
THAT  REQUIRE: 


•  Radio,  Electronic  or  Mechanical  Engineering 

•  Completely  Equipped  Tool  Room 

•  Automatic  Screw  Machines 

•  Hand  Screw  Machines 

•  Swaging  Operations 

•  Punch  Presses 

•  Drill  Presses 

•  Threading  Operations 

•  Lathe  Operations 

•  Milling  Operations 

•  Foot  Presses 

•  Wire  Braiding 

•  Light  Section  Spot  Welding 

•  Intricate  Soft  and  Silver  Soldering 

•  Buffing  and  Sanding 

•  Careful  Inspection 

•  Parkerizing 

•  Platirtg 

•  Painting  or  Spraying 

•  Infra-red  Baking  or  Air  Dried  Finishing 

•  Intricate  Mechanical  and  Electronic  Assemblies 


We  offer  the  facilities  of  our  two  modern  plants  to  any 
manufacturer  faced  with  production  problems.  Our  equipment  is 
particularly  well  adapted  to  turning  out  intricate  mechanical  or 
electronic  assemblies,  and  we  would  prefer  work  involving  our 
assembly  department.  However,  we  can  accept  contracts  for  any 
one  or  more  of  our  production  units,  except  that  we  are  not 
interested  in  work  which  involves  only  our  screw  machines. 

Our  two  plants  comprise  72,000  square  feet  of  floor  space,  and  we 
have  several  hundred  trained  employees  on  our  payroll.  Expert 
engineering  and  development  services  are  available.  Our  company 
is  well  financed  and  now  engaged  in 
prime  and  subcontracts  for  war  production, 
|f[I|YRflWV^^V\\  but  is  able  to  take  on  considerably  more. 

FVFBY  ^  / 1  inquiries  to  The  Ward  Products 

JJ  Corporation,  1321  East  43th  Street, 
Cleveland,  Ohio. 


Rochell  Salt 
Crystal  Devices 

(Continued  from  page  90) 


One  unit  of  this  type  had  an  mir 
put  of  — 27  db  at  5  cps. 

Of  particular  interest  is  a  newl 
developed  mirror  oscilloscope.  Thi.| 
instrument  is  very  compact  an 
weighs  less  than  one  ounce.  Th, 
unit  uses  a  framed  crystal  and 
novel  multiplying  system  at'aiht 
to  the  toggle  elements  in  such  a  wa 
that  effective  damping  is  obtainH 
without  loading  the  device.  The  hi^r 
velocity  elements  are  so  small  an; 
light  that  virtually  no  inertia  efft, 
are  apparent.  The  units  developed  • 
date  have  a  maximum  amplitude  a 
12-inch  beam  distance  of  approx 
mately  one-half  inch,  and  a  sutista: 
tially  uniform  response  to  5000  q 

The  photograph  shows  the  set 
used  to  determine  the  charactei  isti  ^ 
of  the  oscilloscope.  A  conventii 
phototube  having  its  output  fed 
the  high-gain  amplifier  of  the  cath 
ode-ray  oscilloscope  provides  the 
means  to  determine  the  response  and 
waveform  characteristics  of  the  crys 
tal  oscilloscope.  Both  modulated  and 
sine-wave  inputs  to  the  crystal  are 
provided  by  the  beat-frequency  os¬ 
cillator  and  an  audio  amplifier. 

Applications  to  Medicine 

In  the  author’s  practice  of  osteo¬ 
pathic  medicine  he  has  considered  tht 
possibilities  of  using  sound  trans¬ 
mission  and  sound  reflection  in  med¬ 
ical  diagnosis.  The  several  types  of 
amplifying  and  recording  apparatus 
now  provided  for  diagnosis  are  con-| 
fined  to  stethoscopic  w’ork. 

During  tests  of  the  Monobarl 
microphone  in  stethoscopic  investi-l 
gations,  it  was  noted  that  the  very 
large  low  frequency  response  of  the 
crystal  unit  rendered  the  norma! 
thoracic  and  abdominal  sounds  ex 
tremely  clear  and  distinct.  Furthe? 
work  indicated  that  various  types  of 
partial  intestinal  obstructions  could 
be  detected.  Investigations  also  in 
dicated  that  types  of  pneumonic  nn 
solidations  and  thoracic  cavity  chut. 
plications  can  be  detected  and  diag 
nosed.  These  procedures  can  be  car 
ried  out  at  the  bedside  with  a  I'crt 
able  instrument,  and  if  a  permanm* 
record  of  the  findings  are  desiraW^] 
they  can  be  made. 

The  author  has  made  only  a 
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CTANCOR  Professional  Series 
^  Transformers’  case  design  com* 
bines  a  smart  appearance  and  uniform 
pattern  with  imgged  mechanical  con- 
struaion.  The  reversible  mounting 
feature  increases  the  range  of  applica¬ 
tion.  Uniform  mounting  centers  are 
maintained  for  each  case  size;  thus. 


accurate  chassis  punchings  may  be 
made  with  assurance  of  easy  instal¬ 
lation  or  replacement. 

This  line  of  Stancor  transformers 
combines  sound  engineering  with 
highest  quality  materials  and  preci¬ 
sion  manufacturing.  No  sacrifice  of 
quality  is  tolerated. 


For  jurther  injormation  write  for  catalog  No.  240 


STANDARD  TRANSFORMER  CORPORATION 

1500  NORTH  HALSTED  STREET  •  CHICAGO 


DIMENSIONS 

Professional  Series  Transformers 


MW  ML 


2"  27/16" 

2yg"  2^4" 

3%"  29/i6"  3Vi6" 

37/8"  3"  47/4" 

37/8"  5" 

4V4"  5" 

5*/8"  5" 

5»*/i6"  69/i6" 
7V4"  7" 

8V4"  7V4" 

8%"  9" 

8%”  10" 
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ROM*' 


ginning  in  what  appears  to  be  a  i  t 
approach  to  the  diagnosis  of  a  nm 
ber  of  diseases  and  their  co  pii, 
tions.  Work  by  another  investiKati 
covers  a  new  approach  to  the  dia 
nosis  of  disease  by  the  inte  itret 
tion  of  pulse  wave  propagation  aim 
an  artery.  This  worker  has  used  tv 
pressure-operated  crystal  micn 
phones  at  two  points  along  ti 
course  of  the  artery,  feeding  the  ou' 
put  of  the  two  microphones  into  sui: 
able  recording  apparatus. 

It  is  perhaps  not  too  much  to  sa 
that  by  the  recording  of  cont  actios 
of  the  various  portions  of  the  humai 
body,  and  by  sound  transmission  au 
reflections  technique. 


using  piei. 
electric  sound  generation  and  d* 
tecting  devices,  we  may  be  led  toi 
better  understanding  of  certain  d! 
seases  and  their  earlier  and  sure 
diagnosis  and  treatment. 

Altogether  the  Monobar  develop, 
ments  present  a  promising  picture 
The  known  applications  of  the  neJ 
piezo-electric  device  together  wit# 
its  potential  possibilities  in  nev 
fields,  and  its  many  basic  points  oi 
superiority  over  other  systems,  lea# 
us  to  believe  that  we  really  ha\. 
something”. 


iniCnil*  keeps  in  Step 

WITH  THE  FORWARD  MARCH  OF  ElECTROHICS 


*Micab  represents  the  high-grade  mica 
products  processed  by  M acallen. 


While  our  soldiers  of  science  quietly  mould 
America’s  postwar  future,  mica  advances  to 
keep  sentinel  over  the  volts,  ohms  and  amperes 
that  will  control  tomorrow’s  electronic  mira¬ 
cles. 

For  50  years  Macallen  Mica  has  kept  pace  with 
electronic  advancement,  never  failing  to  meet 
the  most  exacting  specifications.  Macallen’s 
specialized  skill  and  experience,  in  bringing 
mica’s  reliability  to  the  greatest  possible  use¬ 
fulness,  will  continue  to  help  shoulder  the 
electrical  industry’s  responsibility  for  world 
progress.  That  we  may  work  together  for  a 
mutually  bright  future,  Macallen  offers  you 
all  its  facilities  of  research. 

50th  anniversary  book  —  Macallen  &  Mica  —  yours 
for  the  asking. 


SOUND  EFFECTS 
TECHNICIANS 


16  MACALLEN  ST.,  BOSTON 


CHICAGO:  565  W.  Washiagtoa  Ilvd.  CLEVELAND:  1005  Leader  Bldg. 


ELECTROMCS 
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)FFICIAl  a  S.  NAVY 

FHOTOGtAPH 


Skuru  Brothurt  or*  Bupplymg  A4kroftioit»$  fo  a0  of  ovr  armod  fonot.  MdiHomat  ftlonl  copociFir  »  ovaHobia 
to  AAomifocfwrvrt  who  ro^oiro  Microphooot  for  Iftoir  controct$.  ^ 

SHURE  BROTHERS,  225  West  Huron  St.,  Chicago,  U.  S.  A 

Dmsignmrs  and  Manufacturers  of  Microphones  and  Acoustic  Devices 


Signals  or*  called  on  o  **fkiMop*’ . . .  ond  o 
»mooth>worfcing  team  of  men  ond  equipment 
swing*  into  action.  The  hardesf  game  Of  all  begins 
.-War— with  death-dealing  steel  and  men's  lives' 
at  stake. 

Networks  of  communications  systems  become 
the  nerve  center  of  action.  Microphones  of  battle 
stations  carry  the  signals  to  the  team.  Men  rely 
upon  their  Microphones  in  the  thick  of  the  fight. 
They  must  get  the  signals  through. 

Shure  Microphones  ore  made  to  work  underfire. 
They  achieve  new  standards  of  ruggedness.  They 
will  get  the  signals  to  the  team  and  help  coordi¬ 


nate  the  efforts  of  every  fighting  man  for  Victory. 


SHURf  REACTANCE^ 


SLIDE  RULE 


Makes  extremely  simple  the 
calculation  of  complicoted 
problems  in  resonant  frequencies.  Also  helps  in 
the  solution  of  circuit  problems  involving  induc¬ 
tances  and  condensers.  Covers  a  frequency  range 
of  5  cycles  per  second  to  10,000  megacycles.  In¬ 
dispensable  for  radio  and  electrical  engineers, 
technicians  and  circuit  designer*.  Send  10c  in 
coin  to  cover  mailing  costs. 


ID 
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...the  Highest  Standard 
in  Magnetic  Measurements 


To  maintain  a  high  degree  of  uniform  magnetic  quality  and  pre¬ 
cision,  Arnold  engineers  use  The  High  H  Permeameter  ( illustrated  ( 
...a  duplicate  of  the  Permeameter  in  use  at  the  National  Bureau  of 
Standards ..  .just  one  example  of  the  close  magnetic  control  under 
which  the  Arnold  magnets  are  manufactured.  ^ 

All  ALNICO  types  of  Permanent  Magnets . . .  including  ALNICO  V 
...are  completely  fabricated  in  the  Arnold  plant  under  exacting 
metallurgical,  mechanical  and  magnetic  control. 

Arnold  engineers  are  available  to  solve  your  magnetic  design  prob¬ 
lems  ...  all  inquiries  will  receive  prompt  attention. 


JHE  Arnold  Fngineering  Pompany 

147  EAST  ONTARIO  STREET  •  CHICAGO,  ILLINOIS 

PRODUCERS  OF  MAGNETS  FOR  AIRCRAFT,  MARINE,  RADIO, 
ELECTRICAL  AND  OTHER  TYPES  OF  MEASURING  INSTRUMENTS 


Full  Wave 
Rectifier 

(Continued  from  page  97) 

where  A,  and  C,  are  arbitrary  re 
constants.  The  particular  integral  d 
to  the  voltage  function  sin  (^t  -|-  4 
is  readily  obtained  from  the  eqaati 

.  ^  (1  "b  Em  sin  (wt  -f- 

{LcRt)  p*  -|-  {RiRiC  +  i)  p  +  (/ii  -j- ' 

by  letting  p  =  This  yields  the  r 
suit 

t*  —  YEm  sin  (wl  +  m)  ( 

where  Y  and  m  are  given  in  the  body 
the  paper.  The  second  particular  inJ 
tegral  is  determined  from  the  t  quatioi 

. _ _ -  E, _ 

{LcRt)p‘  +  {RiRiC  L)p  +  {Hi  g. 

by  letting  p  =  0.  This  gives 

”  Ri  +  Rt  “  '■ 

whence  the  complete  solution  of  thf 
current  is 

1  =  Y Em  sin  {ut  +  m)  ! 

-f  [A.  cos  -f  C.  sin  ^l\  -f  /.  (i 

Appendix  II 

The  current  t,  can  be  expressed  V 
the  Fourier  series: 


arr  =>  /<,  -f  h  cos 


!i  cos  H  cos 

. . ./.  cos 

l\  sm(^-^y+r,^n2(~ 

.../',  sin  0 


-  S,[  -  aCi  +  XiDilj 

-  Si[-  aC\  +  KiD\]^ 
-1-  SifaJDj  +  /IlCiA 


The  value  7,  and  resulting  from 
integration  of  Eq.  (6)  and  (7),  and 
which  express  the  coefficient  of  the 
cosine  and  sine  terms  in  the  above 
equation  are  as  follows: 

/.  =»  ifYEm{cos  m[A'i+  Ai  -  A't  -  Ai\ 

+  sin  u[E't  Bt  —  B'l  —  Bi|^ 

^ - 1  SjI~  aCt  +  EDi\ 
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RCA  TUBS  BQtffPMBMT 

VtS7RfB(4WR 


'ROUND-THE-CORNER 

SERVICEl 

Following  or*  but  a  low  of  tho  otodronk 
iewm  rogviariy  hondlod  by  your  local  RGK 
Tub*  and  Equipmont  Dbtribvton 

RCA.  CUNNINOHAM,  and  RCA  VICTOR 
RADIO  TURRS 

RCA  SRKIAl  PURROSi  TUBIS 
RCA  POWiR  TUBIS.  PHOTOTUBIS. 

CATHODI  RAY  TUBIS,  otc. 

RCA  IIICTRONIC  TIST  IQMPMmT 

•  .  .  alto  condonaon.  roabton,  riMoalata, 
controh.  potontiomotora,  cola,  tronaformora. 
wiro,  ond  numoroua  olhor  radio  and  oioc* 
ironk  compononta  prodwcod  by  many  man* 
vfoclvrora. 


Making  war  equipment  that  necessitates  frequent  calls  for  tubes 
and  other  elearonic  components? 

Then  get  acquainted  with  your  local  RCA  Tube  and  Equipment 
Distributor  today! 

He  may  have  just  what  you  need  in  stock  for  immediate  delivery 
upon  receipt  of  a  suitable  priority.  If  he  doesn’t,  he  is  well  equipped 
to  get  it  for  you  as  fast  as  circumstances  permit— and  to  render 
an  intelligent,  personalized  expediting  service  all  along  the  line. 

Equally  important  is  his  technical  knowledge.  He  has  been 
dealing  with  things  electronic  since  the  "knee  pants"  days  of 
radio.  He  knows  what  to  use  and  how  to  use  it.  You’ll  find  bis 
technical  advice  and  recommendations  a  big  help. 

There  are  over  300  RCA  Tube  and  Equipment  Distributors 
throughout  the  country.  Write  or  wire  for  a  list  of  those  nearest  you. 

RADIO  CORPORATION  OF  AMERICA 
RCA  Victor  Divisioa,  Cuadcn,  N.J. 


AN  ADVERTISEMENT  OF  THE  UCA  TUBE  AND  EQUIPMENT  DIVISION  IN  THE  INTEREST  OF 
GREATER  SERVICE  AND  EFFICIENCY  IN  PRIORITY-COVERED  WAR  MATERIALS  BUYING 


*  U.S.WAR* 
"  BONDS  ! 


Technically -informed  supplier 
of  electronic  moterials  .  . 


CALLITE  TUNGSTEN  CORPORATION 


inspect  an 

atom? 


where 


sure  thing 


With  a  Machlett  DiRraction  Tube  you  can  aaually  inspect  the 
atomic  structure  of  the  material  under  investigation.  The  x-ray 
diffraction  pattern  recorded  on  a  photographic  film  decisively 
distinguishes  between  compounds  and  mixtures,  crystalline  and 
non-crystalline  materials.  It  also  points  up  changes  in  struc¬ 
ture  accompanying  rolling  and  annealing  by  different  processes. 
Today,  in  these  and  many  other  imponant  applications,  this 
improved  x-ray  tube  for  diffraction  analysis,  developed  by 
Machlett  Laboratories,  is  working  overtime  for  Victory. 

In  designing  this  efficient  x-ray  diffraction  tube,  it  is  only 
natural  that  Machlett  should  specify  Callite  wire  and  formed 
parts  for  lead-wires  and  other  tube  components.  In  this  unusual 
application  and  in  many  others,  where  dependability  is  of  utmost 
importance,  Callite  products  have  demonstrated  their  uniform 
quality  and  stamina.  If  you  have  a  problem  involving  the  tfSe 
of  electronic  tube  and  incandescent  bulb  components,  our  engi¬ 
neers  will  be  glad  to  cooperate  in  developing  the  most  eco¬ 
nomical  and  efficient  solution.  Why  not  write  today 


Specialists  in  the  manufacture  of  electrical 
contacts  of  refractory  and  precious  metals, 
bi-metals,  lead-in  wires,  filaments  and  grids 
— formed  parts  and  raw  materials,  for  all 
electronic  applications. 


K  =  '¥  2n«) 

•^1  “  —  2nw) 

Appendix  III 

Referring  to  Fig.  2b,  the  voltage 
across  the  filter  input  terminals  can  1 
expressed  as  the  Fourier  series 
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MITCHELL-RAND  INSULATION  COMPANY,  INC 

S1«A  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK,  N 
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,  Varnished  Tape  and  Cloth 

^•••loeinq  Papers  and  Twines 
6*kle  Fillinq  and  Pothead  Compounds 
Friction  Tope  and  Splice 
Tronsformcr  Compounds 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberqias  Braided  Sleevinq 
Cotton  Topes,  Webbinqs  and  Sleevinqs 
Impreqnoted  Varnish  Tubinq 
Insulatinq  Varnishes  ot  all  types 


Fiberqias  Saturoted  Sleevinq  and  Varnished  .Tub 

Asbestos  Sleevinq  and  Tape  ’' 

Eitruded  Plastic  Tubinq 

Varnished  Cambric  Cloth  and  Tape 

Mica  Plate,  Tape,  Paper,  Cloth  and  Tubinq 
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A  tricky  job/ 


CloroBtat  U  now  100%  on  war 
production.  Grootly  oxpandod 
plant  iacilitios  ore  koopinq  pace 
with  rising  requirements.  An 
engineering  and  monuiacturing 
background  second  to  none,  is 
folving  many  tricky  problems 
these  days. 


CONTROLS 


An  entirely  new  design  for 
tandem  controls.  New  molds 
provide  unit  casings  that 
nest  and  lock  together. 
Metal  end  pieces  and  tie 
rods  insure  rigid  assembly 
—even  up  to  20  units  in 
tandem.  Single  shaft  passes 
through  and  locks  with 
rotor  of  each  control. 

Each  control  accurately 


wound  to  precise  circuit  re¬ 
quirements  —  resistance, 
toper,  taps,  hop-off.  Inter¬ 
locking  resistance  ratios  pro¬ 
vide  any  desired  voltage  or 
current  at  given  degree  of 
rotation.  These  Multiple  Con¬ 
trols  are  now  in  regxilor  pro- 
duction  and  meeting  the 
most  riqpd  multi-control  re¬ 
quirements. 


Send  Us  Your  Problem 


No  Mottar  how  e*mpi«K  or  how  timplo— provMod  it  km  to 
do  with  cootroi  by  mooos  of  rosittooco.  Lot  os  qooto  oo 
yoor  high-priority  rosittooco  or  cootroi  roqoiroosoots.  Litoro- 
Turo  00  roqoost. 


cos  6wt. . .  \  —  Et 


Considering  only  the  components  of 
current  due  to  the  dc  and  second  har¬ 
monic  of  the  voltage  e,  the  current 
through  the  choke  can  be  expressed  as 


cos  2  wt  -f-  (21) 

where  Xj,  and  Xc  are  the  reactances  of 
the  filter  choke  and  condenser  to  the 
second  harmonic.  If  the  current  wave 
just  grazes  the  zero  axis  at  some  point 
in  its  period  T,  then  the  d-c  and  peak 
value  of  the  a-c  component  must  be 
equal.  Equating  these  two  terms  given 
in  Eq.  (21)  and  solving  for  the  critical 
inductance  gives 

where 

Appendix  IV 

For  non  cut-off  operation  where  = 
0  and  9^  —  T  the  value  of  7*  and  /', 
evaluated  by  Eq.  (6)  and  Eq.  (7)  are; 


r.  =  4/r£,| 


cos  n  [A'l  -|-  A 


i  - 


+  7C,7)',1+«| 


H — -j-  ^  j—  ttCj  +  /CftH-oj 

4/yfi,  sin  m[  -  +  Ai-\-  A',  -  .4, 


KC,]+K 


AfYE^  sin  m[  -  -h  A,  +  A',  -  .4, 
t-  |ssl-«7)s  -  XC,1  +  k] 


SJa7)>,  +  XiCil- A’, 


7C,7)y+a 


a*  + 


iC>tl+a 


‘  2(1  +  2n)  w  ’ 

^  (  yp  2nw  \  _ 

- y - j  ; 


2(1  -  2n)w  * 


ApHl  J  943  — ELECTRONICS 


M _ 


Immediafe 


Convers, 


\ 

\\ 

.  .  .  meet  tfowt  foneduetiett  ^ededxde^f 


TINNERMAN  PRODUCTS,  INC.  •  2106  FULTON  ROAD,  CLEVELAND,  OHIO 


IN  CANAOAi  Wallace  Barnes  Co.,  Lid.,  Hamilton,  Ontario 
IN  INOLANDi  Simmonds  Aerocessories,  Ltd.,  London 


You  can  now  convert  to  SPEED  NUTS 
to  help  meet  your  production  schedules 
ON  TIME.  SPEED  NUTS  are  approved 
by  the  U.  S.-Army  Air  Forces  and  the 
Bureau  of  Aeronoutics  for  non-structural 
attachments  on  mtlitary  aircraft.  They 
are  also  used  on  jeeps,  trucks,  tanks, 
P.  T.  Boats  and  other  war  equipment. 


This  provides  a  more  abundant  source  of 
approved  self-locking  nuts  to  relieve  the 
present  shortage. 

Our  Engineering  Dept,  will  be  glad  to 
assist  you  in  determining  the  proper  ap¬ 
proved  locations  where  Speed  Nuts  may 
be  used.  Request  for  information  or  as¬ 
sistance  will  receive  immediate  attention. 


THE 

CONDENSER 
LINE  OF 
UNSURPASSED 
QUALITY 


PAPER,  OIL  AND  ELECTROLYTIC  CONDENSERS 


INDUSTRIAL 


CONDENSER  COR  P  OR  AT  ION 

1725  W.  NORTH  AVE.,  CHICAGO,  U.  S.  A. 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


C*j  cos 


—  2nM  “X 
2/  )  • 


K\  »  {\l/  —  2nci>) 

A  -  -  1  . 

2(1  +  2n)u  ' 


T>i  ■>  sin 


-  1 

2(1  -  2n)«  ’ 


ni  •(  4'  ~  2n«  \ 
2/  )■ 


Appendix  V 

Applying  the  first  two  boundary  con- 
ditions  to  Eq.  (4)  results  in  the  follow, 
ing  two  equations  for  ti  and  dijdt  at 
wf  = 

»i  0  =  F  Em  sin  (fli-f  fi)  +  /. 


i  i 


A,  cos^ - J+  C,  sin 


YwEm  cos  (^1  -f"  fl) 


—oA,)  cos 


S»(^^iSt— obSi) +Si(a(Si+^iSi) 


Stitf/St  —aSi)  (oo*+^jSi) 


/•  “  YEm  sin  (fli  “f"  fi) 


Dt  “  —  YuEm  cos  {$  +  ft) 

Imposing  condition  4  to  Eq.  (4)  gives 
0  ^  YEm  sin  (flj  -|-  ^i)  -f-  /• 


+  •■■^[^•cos-^^  +  C.sin-^lc 

k  I  u  u 


The  value  of  the  {dijdt)  at  ut  =  t, 
is  given  by  Eq.  (26)  except  that  9,  is 
replaced  by  Bf  This  is  not  equal  to  zero 
for  «t  = 

The  procedure  in  solving  for  and 
is  as  follows.  A  value  of  is  as¬ 
sumed  and  A,  and  C,  are  calculated. 
On  the  basis  of  these  values,  0,  is  cal¬ 
culated  by  Eq.  (29).  A  check  on  the 
accuracy  of  the  assumed  value  of  9i  is 
condition  3,  namely  that 

TT  —  Oi  01 

Em  sin  01-  E,= 


f  the  right-hand  side  of  Eq.  (30)  is  less 
than  the  left-hand  side,  the  assumed 
value  of  $1  is  too  large,  and  vice  versa. 
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ELECTRONICS 


Tot  PROTECTION  TODAY... 


Today,  all  our  54  years  of  crafts¬ 
manship  in  precision  manufactur¬ 
ing  is  concentrated  upon  war-work 
— making  complete  products  and 
vital  parts  for  some  very  famous 
companies.  Tomorrow,  all  the 
new  manufacturing  techniques 
v  ‘  :  originating  here  will  be  utilized  in 

v  peace-time— making  many  famous 

_  ;  ;  .  products  better  at  less  cost. 

PROGRESS  TOMORROW... 


Metal  Fabrications:  Precision  Machine 


Work:  Electrical  &  Mechanical  Assemblies: 


Plus  up-to-date  Product  Engineering  with 


Facilities,  Methods,  Controls  assuring  entire 


production  responsibility — single  parts  and 


complete  products. 
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Self  Biased 
Amplifiers 


(Continued  from  page  103) 


the  final  step  in  the  analysis.  The 
value  of  the  bias  voltage  will  depend 
upon  the  value  of  the  bias  resistor 
and  its  location  in  the  circuit,  it 
will  also  depend  upon  the  average 
grid  current  in  the  case  of  grid  bias 
or  upon  the  average  cathode  current 
in  the  case  of  cathode  bias.  For 
triodes,  the  cathode  current  is  the 
sum  of  the  grid  and  plate  currents. 
Accordingly,  the  next  step  in  the 
analysis  is  to  determine  the  average 
value  of  the  grid  bias  voltage  for 
the  possible  methods  of  resistance 
bias.  To  determine  this  bias  vol¬ 
tage,  we  must  first  determine  the 
average  current,  fiowing  through 
the  bias  resistance.  If  it  is  entirely 
in  the  grid  circuit  we  are  interested 
in  determining  only  the  grid  current 
whereas  if  it  is  in  the  cathode  cir¬ 
cuit,  both  grid  and  plate  current 
must  be  known. 

To  determine  the  average  currents 
we  use  paths  of  operation  such  as  the 
one  mapped  out  between  O'  and  A', 
Fig.  6.  We  may  select  the  Q  points 
for  these  paths  at  regular  intervals 
in  the  region  defined  by  the  red 
curves  of  Fig.  6.  In  the  present 
calculation  these  points  were  selec¬ 
ted  at  the  intersection  of  lines  drawn 
at  50  volt  intervals  through  the 
grid  axis  and  100  volt  intervals 
through  the  plate  axis.  The  paths  of 
operation  for  each  of  these  Q  points 
were  drawn  in  accordance  with  the 
previous  discussion.  After  the  paths 
have  been  determined,  the  calcula¬ 
tion  of  the  current  follows.  This 
calculation  is  greatly  facilitated 
through  the  use  of  a  plastic  calcu¬ 
lating  device  described  in  an  earlier 
article.^  After  obtaining  the  aver¬ 
age  currents  they  may  be  plotted  as 
a  function  of  the  grid  polarizing  vol¬ 
tage  for  constant  values  of  the  plate 
polarizing  potential.  These  polariz¬ 
ing  voltages  correspond,  of  course, 
to  the  coordinates  of  Q  for  which  a 
given  current  calculation  was 
made. 


Bias  Resistance  in  the  Grid  Circuit 


i 


4 


When  the  bias  resistance  is  in  the 
grid  circuit,  it  is  only  necessary  to 
calculate,  for  the  various  paths  of 
operation  chosen,  the  average  grid 
current  /«.  This  is  plotted  as  a  func- 
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Read  carefully  the  instructions  which  come  with 
your  mike,  and  be  certain  the  circuit  is  correct  for  the 
type  mike  you  are  using.  Don't  use  power  generating  or 
voltage  generating  microphones  (dynamic,  ribbon  and 
crystals)  in  circuits  intended  for  carbon  or  condenser 
mikes.  Make  sure  your  mike  is  made  for  rough  weather 
before  exposing  it  to  the  elements.  If  your  mike  fails 
or  gives  trouble,  send  it  to  the  factory  or  its  dealer. 


THIS  FREE  BOOK  TELLS  YOU 
HOW  TO  CARE  FOR  YOUR  MIKE 


Send  NOW  for  yonz  Free  Copy  of  Torner'i 
new  &-page,  fully  illuelrated,  colorful  Micro¬ 
phone  Catalog.  Each  unit  ia  engineered  for 
specific  )ob«  and  trouble-free  performance. 
Select  the  one  beat  auited  to  your  needs 
at  the  price  you  want  to  pay. 


Tk 


Lurner 


Cedar  Rapids,  Iowa 


tion  of  E„  on  Fig.  7,  for  various 
values  of  plate  polarizing  potential 
£■»».  From  this  figure  we  can  deter¬ 
mine  the  locus  followed  by  Q  on  the 
diagram  for  any  given  jrrid 
biasing  resistance  in  the  following 
way.  Since  the  bias  resistance  i.^  en 
tirely  in  the  grid  circuit,  the  j^rid 
polarizing  potential  is  given  by 
E..  =  /..  R., 

where  is  the  grid  resistance.  This 
equation,  when  plotted  on  the 
diagram,  appears  as  a  straight  line 
passing  through  the  origin,  having 
a  slope  equal  to  l/i2„.  Two  such 
lines  corresponding  to  two  values  of 
Rcc  are  shown  on  Fig.  7.  The  inter 
sections  of  one  of  these  lines  with 
the  lines  of  constant  plate  voltage 
determines  the  grid  polarizing  poten 
tials  which  must  be  developed  across 
Rt,  for  the  given  grid  excitation 
voltage,  and  equivalent  plate  resis¬ 
tance  which  were  chosen  and 

fixed  for  this  calculation.  These  in 
tersections  may  be  plotted  on  the 
plane,  and  thus  determine  the 
locus  of  the  Q  point  during  the  modu¬ 
lation  cycle  for  this  value  of  grid 
resistance.  When  this  locus  ha.s  been 
obtained,  the  calculation  of  the  com¬ 
plete  dynamic  characteristics  may 
proceed  directly.  A  number  of  Q 
points  are  selected,  evenly  spaced, 
along  this  locus.  For  each  of  these 
Q  points  the  coordinates  of  the  A 
points  are  defined.  The  horizontal 
distance  from  Q  to  A  is  given  by  the 
grid  excitation,  the  vertical  distance 
from  Q  down  to  A  is  given  by  the 
red  curves  of  Fig.  6.  Thus  the  paths 
I  of  operation  for  any  Q  on  the  locus** 
1  are  obtained.  For  these  paths  the 
1  average  grid  current,  average  plate 
I  current,  fundamental  grid  curren 
!  and  fundamental  plate  current  may 
i  be  calculated  using  the  plastic  de- 
j  vice  referred  to  above.  Knowing 
I  these  currents  together  with  E, 

\  F,,*,  E,,^,  and  R„,  the  power 

I  relations  in  the  modulator  may  be 
i  calculated  from  the  relations: 
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Driving  power,  P*  =  h  fii- 
Power  input,  Pb  =  !*•  £»» 

Power  output.  P*  =  i  /,!■  ^»i« 
Power  delivered  to  grid  resistor, 

P,„  =  P..  R„  =  /,.  E,. 
Grid  dissipation,  P,  =  Pd  —  /,.  E„ 
Plate  dissipation,  P»  =  P«  —  P* 
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Determination  of  these  quantities 
for  each  of  the  Q  points  selected 
along  the  locus  gives  the  complete 
dynamic  characteristics  of  the  modu¬ 
lator.  Other  characteristics  may  be 
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It's  just  good  sense  to  treat  your 
microphone  with  respect,  so  it  will 
give  you  longer,  better  service.  A 
microphone  is  a  delicate,  sensitive 
instrument  and  needs  protection. 

For  instamce,  a  fall  doesn't  have  to 
damage  the  Ccise  to  damage  the 
mike.  The  shock  may  prove  destruc¬ 
tive  to  the  interior. 

Under  no  circumstances  should 
you  open  the  mike  case  and  expose 
the  sensitive  parts  to  mechanical 
and  chemical  damages  which  ruin 
the  mike.  If  the  seal  is  broken  on  a 
crystal  mike,  the  crystal  absorbs 
moisture  and  becomes  useless. 


THIS  NEW  TURNER 
MICROPHONE  CATALOG 


no 


To  fill  0  need 

McElroy  Model  PFR-443 

Wheatstone  Code  Tape  Perforator 


Normally,  automatic  radiotelegraph  apparatus  is  employed  by  all  services,  commercial,  military  or  gov- 
nmental.  But  despite  the  present  availability  of  sufficient  quantities  of  this  equipment  due  to  McElroy 
«ian  of  simple  and  rugged  units  through  mass  production,  commimication  has  been  impeded,  in  many 
ises,  by  the  lack  of  simplified,  efficient  perforating  devices.  Intricate  keyboard  perforators,  requiring  the 
tention  of  specialized  machinists  and  skilled  operators  have  restricted  quantity  production  of  perforated 


Sintpimed  In  design,  the  new  PFR-443 
;H  produce  tape  as  cleanly  and  as 
cufoi^.’/  as  any  complex  keyboard 

:fforaior. 


McElroy  Whsolston*  Code  Tope  Perforator  Is 
i.Uaisd  by  110  Tolt  AC  or  DC  current  May  be 
pcrsted  with  index  finger,  middleiinger  and  thumb 
if  the  right  hand,  while  unit  is  in  similar  position  os 
I  hand  telegraph  key.  The  feather-light  touch  on  the 
and  dash  contacts  and  space  bat  closes  elec- 
t  :a|  contacts.  A  powerful  die  mechanism,  drieen 
If  a  lolenoid.  perforates  and  adyances  the  tope 
Ic  ;uqh  the  machine.  When  this  tope,  identical  in 
jlll  respects  to  others  prepared  by  the  most  complex 
keyboard  perforators,  is  passed  through  ony  make 
Ilf  automatic  transmitter  now  in  existence  it  will 
P  :;ute  signals  with  the  precision  characteristic  of 
In  professional  automatic  deyices,  ot  any  speed  for 
il.ich  the  transmitter  was  designed. 


Simple  and  rugged  in  design  and  construction,  the 
'^Efroy  perforator  requires  no  critical  adiustments. 
'Its  are  replaceable  by  any  competent  radio  tech- 
an.  Light  in  weight,  it  may  be  carried  as  a  hand 
mi-autorr-r'.c  transmitting  key.  When  teamed  with 
«  McElroy  Automatic  Transmitter,  XTR-442.  the 
...ion  becomes  a  manually  operated  radio- 
station  that  is  the  equal  of  any  mechanised 


T.  R.  McElroy,  world’s  champion  telegraphist  and  outstanding  wireless 
operator  of  all  time,  of>erating  a  development  model  of  the  new  perforator  in 
conjunction  with  Tape  Transmitter,  Model  XTR-442. 

Unskilled  operators  have  been  trained  more  readily  in  the 
use  of  this  perforator,  than  the  standard  keyboard  of  a  type¬ 
writer.  Any  station  with  newly  trained  personnel  may  transmit 
its  traffic  with  absolute  accuracy,  retaining  the  tope  os  a 
permanent  file  record  of  all  conununicotions.  The  McElroy 
lir  Held.  We  are  the  largest  manufacturers  in  Wheotstone  Code  Tape  Perforator  may  be  operated  in  conjimc- 

world  devoted  exclusively  to  the  production  of  tion  with  automatic  transmitting  equipment  at  mrrvimum 

nt  for  the  transmission  and  reception  of  speeds — or  with  similar  efficiency,  at  speeds  of  between  25  and 

and  dashes.  We  create.  We  design.  We  50  words  per  minute.  It  moy  be  employed  for  important  com- 

We  do  not  imitate  and  we  do  not  copy,  munications  circuits  as  readily  as  for  preparation  of  practice 

we  can  deliver.  material  for  radiotelegraph  code  schools. 

The  McElroy  faefory  is  being  tooled  for  production  and  orders  are  being 
accepted.  Moderately  priced  at  $375.  First  deliveries  may  be  anticipated 
by  the  latter  part  of  May. 

McELROY  MANUFACTURING  CORPORATION 

BROOKLINE  AVENUE  BOSTON.  MASSACHUSETTS 
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obtained  by  selecting  a  differs 
value  of  &  family  of  d\  a 


characterists  showing  the  effect  of 
variation  of  this  parameter  may  ^ 
calculated.  , 


Bias  Rasistance  in  both  thn  Plate 
Grid  Circuits  Cathode  Biai 


When  the  bias  resistance  is  in  b 
the  plate  and  grid  circuits,  it 
necessary  to  calculate  both  the  av 
age  grid  current  /,.  and  the  aver, 
plate  current  /».  for  the  vari< 
paths  of  operation.  The  sum  of  tb 
currents  (/».  +  /„)  may  then 
plotted  as  a  function  of  E„  for  u 
various  values  of  E**  selected.  I.i»; 
of  constant  cathode  resistance  Rt, 
Ecc/  (/b.  +  /e.)  may  be  drawn  on  t 
diagram  and  will  appear  as  strain 
lines.  The  intersection  of  any  one 
these  straight  lines  with  the  lines 
constant  plate  voltage  Ett  will  i 
termine  the  coordinates  of  the  p; 
followed  by  Q  during  the  modulati 
cycle,  on  the  diagram.  Wh 

this  locus  of  Q  is  found  for  the  d 
sired  cathode  resistance,  the  l  erriH 
ing  problem  of  obtaining  the  dyi 
mic  characteristics  for  the  nii 
straight-forwai 


lator  IS  again, 

With  any  point  on  this  path  as  a  i 
point,  the  coordinates  of  the  e;, 
point  for  the  path  of  operation  pa 
ing  through  this  Q  are  known  as 
the  preceding  case.  That  is,  the  h  : 
zontal  coordinate  of  A  is  given  ;; 
the  grid  excitation,  as  nuasiuJ 
from  Q,  and  the  vertical  cooidir 
of  A  is  given  by  the  red  curve  p;  - 
ing  through  this  Q.  This  vtrti 
coordinate  will  be  given  in  terms 
the  maximum  fundamental  plate 
tage,  E,,^,  of  course,  and  thus  v 
represent  the  vertical  distance 
volts  below  Q  to  the  point  A.  H- 
we  may  calculate  for  the  path  j  ' 
ing  this  Q  and  A  the  fundamen: 
plate  and  grid  currents  from  \v!i 
may  be  determined,  together  w! 
the  average  plate  and  grid  curit 
which  we  already  know,  all  the  c 
pendent  variables  associated 
this  condition  of  operation.  By  i 
peating  this  process  for  other 
lected  Q  points  along  this  locus,  t 
complete  dynamic  characteristics 
the  modulator  are  determined.  Th 
dynamic  characteristics  apply, 
course,  only  for  the  specific  cat! 
resistance  chosen.  Families  of  ' ! 
acteristics  may  be  obtained  by  ^  b 
ing  other  values  of  cathode  r- 
tance,  as  in  the  case  discussed  i 


A  FEW  MONTHS  AGO  he  was  just  a  normal,  untrained, 
happy-go-lucky  kid.  Today  he’s  been  well  trained  by 
Uncle  Sam’s  Signal  Corps  into  a  competent  technician,  fit  to 
take  the  responsibility  on  which  hundreds,  maybe  thousands 
of  lives  depend.  When  he  comes  marching  up  Broadway  in  a 
shower  of  ticker  tape,  be  ready  to  grab  him  —  he’ll  be  a 
valuable  man. 

And  if  he  tells  you  that  communications  and  electrical 
equipment  made  here  at  C.  T.  &  E.  is  the  last  word  in  ad¬ 
vanced  engineering  and  rugged  dependability,  pay  heed  — 
you’ll  be  listening  to  the  voice  of  experience.  You  see,  there’s 
"Connecticut”  equipment  on  the  job  almost  every- 
where  United  Nations  forces  are  fighting. 
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CONNECTICUT  TELEPHONE  &  ELECTRIC  DIVISION 


ELECTRONli 


*  CHANNEL 


WANTED: 

AN  ENGINEER  WITH 
PLENTY  OF  IMAGINATION 

-  An  Out-of-the-Ordinary  Opportunity 
for  on  Out-of-the-Ordinory  Mon 

•  This  is  an  unusual  sort  of  an  advertisement.  It  is  imusual 
because  a  client  of  ours  has  asked  us  to  help  them  find  an 
unusual  sort  of  a  man  to  fill  an  unusual  sort  of  a  position. 

First  of  all,  this  man  must  be  an  electro-mechanical  engi¬ 
neer  having  both  real  design  imagination  and  a  finger  on 
the  pulse  of  what  is  going  on  in  the  electronic,  radio,  and 
electrical  industries.  Second,  he  must  be  the  type  of  fellow 
who  is  visionary  enough  to  be  constantly  alert  to  new 
ideas,  yet  practical  enough  to  \mderstand  manufacturing 
limitations.  Third,  it  would  be  just  fine,  if  such  a  man  had 
also  had  training  in  the  design  and  development  of  relays, 
timers,  and  solenoids. 

The  position?  Well,  primarily  it  will  hove  to  do  with  help¬ 
ing  oiir  client  maintain  his  present  leadership  in  the  items 
that  ore  regularly  produced.  This  activity  at  present  is,  of 
course,  100%  devoted  to  war  work.  Next,  and  by  no  means 
least,  is  the  task  of  designing  other  items  to  keep  one  step 
ahead  of  the  needs  which  will  surely  arise  with  the  rapid 
development  of  the  Electronic  art  in  all  of  its  phases. 
That's  where  imagination  and  a  close  knowledge  of  the 
field  come  in. 

The  offer?  To  the  right  man  is  offered  a  connection  with 
a  nationally-known,  long-established  firm  located  in 
Eastern  Pennsylvania.  It  is  a  firm  large  enough  to  afford 
imlimited  opportunity  to  the  right  man — yet  small  enough 
to  assure  rapid  individual  recognition  of  jobs  well  done. 
The  engineer  selected  is  assured  of  free  reign  to  initiative, 
good  working  conditions,  attractive  remuneration,  and 
important  war  work  for  the  present  coupled  with  future 
possibilities  in  full  keeping  with  his  abilities. 

If  you  feel  that  you  can  fill  the  position,  write  in  detail. 
Your  correspondence  will  be  treated  with  strictest  con¬ 
fidence.  All  of  our  client's  employes  who  might  be  inter¬ 
ested  know  of  this  advertisement. 


PRESIDENT 


THE  HARRY  P.  BRIDGE  CO. 

Adverthing  Counsellors 

812  Real  Estate  Trust  Bldg.,  Philadelphia,  Pa. 


viously.  The  power  relations  in 
modulator  are  slightly  modil  ed 
the  cathode  resistor.  The  quanti 
Pt,  P»,  P,,  and  P,  are  the  sane 
the  other  relations  are 

Power  delivered  to  cathode  resutor, 

Plate  dissipation,  P,=  P*  —  P*- 
/».*  Ru 

Bias  Resistaace  partly  !■  the  Grid 
partly  la  th*  Plat*  Cireaitt 

If  the  biasing  resistance  is  pai 
in  the  cathode  circuit  and  partly 
the  grid  circuit,  the  calculation 
somewhat  more  involved.  For  ne 
we  are  concerned  with  two  resi 
tances  P,*  and  instead  of  o 
one.  Here  the  grid  polarizing  volt 
j  is  given  by 

E,t  =  /„  R„  -|-  (/*,  /,,) 

!  Let  us  set 

I 

'  «..  =  ife  Rk. 

;  where  fc  is  a  positive  cons' 
greater  than  zero.  Then 

E..  =  {/».  +  k)I.,^R^ 

I  and  the  polarizing  grid  voltage 
j  again  expressed  in  terms  of  o 
I  one  resistor.  It  is,  therefore,  evid 
that  if  /».  -f-  (1  -f  k)I„  is  plotted 
a  function  of  E„  we  will  be  able 
I  determine  the  path  followed  by  Q 
a  manner  similar  to  that  used  in 
case  of  grid  bias  alone  or  plate  bi 
alone.  An  example  of  this  plot  wh 
fc  =  9  is  shown  in  Fig.  8.  The  int 
sections  of  line  P*,  =  266  oh 
with  the  lines  of  constant  gi 
the  values  of  E„  which  will  det 
mine  the  locus  of  the  Q  point  und 
this  condition  of  operation.  Fa 
ilies  of  characteristics  may  be  f 
tained  for  various  values  of  k.  T: 
power  relations  under  this  c  :  ; 
tion  of  operation  are  also  m  i’r 
slightly  from  those  forms  as  gi 
under  grid  bias  operation.  T 
quantities  P<,  P»,  and  P*  remain 
same,  but  the  other  relations  are 

Power  delivered  to  grid  resistor, 

P«  =  P..  R.. 

Power  delivered  to  cathode  resistor, 

Pw  =  (/..  -h 

Plate  dissipation,  P»  =  Pa  — 

Grid  dissipation,  P,  —  Pt  — 

Part  Gaacrators  and  Part  Rtsistance  B  i 

In  the  case  of  part  battery 
part  resistance  bias  the  lines  for 
stant  resistance  may  be  drawn 
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erever  man  goes  •  •  •  even  when 

he's  slashing  through  primeval  jungle  in  some 
remote  corner  of  the  South  Pacific,  he  is  not 
alone,  thanks  to  the  existence  of  the  two-way 
radiotelephone.  In  tomorrow’s  world,  this  new 
medium  of  communication  will  become  an  active 
part  of  your  business  and  social  life.  And  when 


hostilities  cease  you  can  look  to  Jefferson- 
Travis  for  the  finest  radiotelephone  equipment 
made.  As  pioneers  in  this  field  we  have  devel¬ 
oped  new  and  exclusive  improvements  for 
this  remarkable  electronic  achievement.  Today 
they  are  employed  by  the  United  Nations 
everywhere  —  tomorrow  they  will  be  yours! 
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RADIOTELEPHONE  EQUIPMENT 

NEW  YORK  .  WASHINGTON  .  BOSTON 


any  of  these  average  current  ver> 
grid  voltage  diagrams  depending 
the  location  of  the  bias  resistar, 
The  procedure  is  to  draw  the  lines 
constant  biasing  resistance  thro: 
the  zero  current  axis  at  the  value 
£■,*  corresponding  to  the  battery  v 
age.  The  intersection  of  this  i; 
with  the  lines  of  constant  plate  v( 
age  determine  the  path,  as  m  t 
previous  cases. 


Characteristics  of  VarioNS  Bias  Hetka 

Since  the  locus  of  Q  can  be  fou^ 
for  any  combination  of  self  bias'- 
or  battery  and  resistance  bias’ 
combination,  a  complete  solution  <: 
the  problem  is  at  hand.  The  effe; 
on  this  locus  of  different  conditio:; 
of  service  are  shown  in  Fig.  9.  Tt; 
illustrates  the  paths  followed  by  t; 
Q  point  on  the  c»-e,  plane  during  ts 
modulation  cycle  for  three  differs 
types  of  biasing.  Curve  A  is  f. 
cathode  bias  alone,  curve  B  is  fi 
battery  bias  alone,  and  curve  C  i 
for  grid  resistance  bias  alone.  T’r 
system  is  here  adjusted  for  equiv' 
lent  carrier  conditions  in  order  t 
make  the  comparison  of  the  differed 
types  of  biasing  more  effectii^ 
Curve  C,  which  is  shown  below  to 
the  most  desirable,  may  be  obtainH 
by  part  battery  and  part  grid  res;i 
tance  bias,  or  part  cathode  resis 


Shown  below  is  a  Utah  Potentiometer  for  power-driven  machine  gun  or 
cannon  aircraft  turrets.  This  gunner  has  feather-touch  control  of  his 
guns'  position— no  matter  from  which  direction  the  enemy  may  attack. 
In  this  precision  operation,  the  Utah  part  plays  a  vital  role.  It  has  been 
fitted  for  that  role  by  split-hair  accuracy  in  manufacture.  This  is  only 
one  of  many  Utah  products  now  in  service  with  the  armed  forces. 


When  there’s  a  Messerschmitt  on  his  tail,  equipment  must  oper¬ 
ate  with  the  precision  of  a  fine  watch.  That’s  when  a  "Fortress” 
gunner  appreciates  flawless  construction.  Precision  work,  how¬ 
ever,  is  no  stranger  to  the  Utah  factory.  Their  outstanding  repu¬ 
tation  in  the  radio  and  electrical  industries  has  been  built  on  pre¬ 
cision  manufacturing.  Advanced  Utah  engineering  has  kept  ahead 
of  requirements.  The  dependability  of  Utah  parts— long  a  by- word 
among  radio  men  and  in  industrial  plants — is  now  being  proved 
in  all  parts  of  the  world. 

I 

If  you  have  a  problem,  calling  for  precision  electrical  parts,  why 
not  take  advantage  of  Utah’s  extensive  experience?  Utah  makes  a 
complete  line  of  Potentiometers,  Rheostats  and  Attenuators— as 
well  as  other  electrical  parts.  Write  today  for  complete  information 
—and  see  what  Utah  precision  manufacturing  and  advanced  en¬ 
gineering  can  do  for  your  product.  There  ^ 

is  no  obligation. 


UTAH  RADIO  PRODUCTS  COMPANY 

83  7  0rieans  Street  •  Chicago,  Illinois 

ConodicMi  Office:  838  King  SI.,  W.,  Toronto  •  In  Argentine:  UCO A  Radio 
Products  Co.,  SRL,  Buenos  Aires  •  Cab/*  Address:  UTARADIO,  Chicago 


vthh  wire-wound  controls,  rel/ivs,  aacKS, 

RESISTORS,  PLUGS,  SWITCHES,  MOTORS 


I  IS 
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Enlist  GIRLS  for  MANpower  ‘  .  J 
in  Your  Screw  Driving  Army  p  ^ 


woMfMDKinmLUKsaswsmic/i 

Now  you  can  recruit  women  for  your 
screw  driving  army  and  be  sure  of  fast, 
skilled  work  from  the  very  start. 

Big  muscles  aren’t  needed  to  drive 
Phillips  Recessed  Head  Screws.  Further, 
it  requires  no  mechanical  aptitude . . .  even 
novices  produce  without  wobbly  starts, 
slant-driven  screws  and  slips  that  cause  ac¬ 
cidents  or  mar  work. 

Automatic  centering  of  the  driver  in  the 
Phillips  Recess  makes  such  efficient  use  of 
turning  power  that  screws  set-up  uni¬ 


formly  tight . . .  with  so  little  effort  that 
workers  maintain  speed  without  tiring. 
Screw  and  driver  "become  one  unit,”  mak¬ 
ing  driving  so  easy  and  fool-proof  that 
work  is  greatly  speeded  up,  regardless  of 
the  driving  method  employed.  In  most 
cases,  power  driving  becomes  practical. 

T hey  cost  less  to  use!  Compare  the  cost 
of  driving  Phillips  and  slotted  head  screw's. 
You’ll  find  that  the  price  of  screws  is  a 
minor  item  in  your  total  fastening  expense 
. . .  that  it  actually  costs  less  to  have  the 
many  advantages  of  the  Phillips  Recess! 


The  Phillips  Recessed  Heed 
was  scientificelly  engineered  to 
afford: 

Fast  Starting  —  Driver  point  eo- 
tomatkmlly  centers  in  the  recess 
...  fits  snngly.  Screw  end  driver 
"beccHxie  one  unit.”  Fumbling, 
wobbly  starts  ere  eliminated. 
Faster  Driving  —  Spiral  and  pow¬ 
er  driving  are  made  practicaL 
Driver  won’t  slip  out  of  recess 
to  injure  workers  or  spoil  ma¬ 
terial.  (Average  time  saving  is 
50%. ) 

lasier  Driving  —  Turning  power 
is  fully  utilized  by  automatic 
centering  of  driver  ig  screw 
head.  Workers  maintain  speed 
without  tiring. 

letter  Fastenings  —  Screws  are 
set-up  uniformly  tight,  without 
burring  or  breaking  heads.  A 
stronger,  neater  job  results. 


jf 

AnsrloM  S*r«w  Cs..  FrsvIdMM.  R.  I. 

TIm  BritM  C«..  WstM-kury.  Cms. 

Csstral  8«few  C«..  Chicats.  III. 

Chasdiar  Pradactt  Cars..  Clavalaad.  Ohla 
Caatlnaatai  larav  Ca..  Naw  Badfard.  Maaa. 
Tka  Csrkla  Sarav  Carp.,  Nav  Britata,  Casa. 
Tka  H.  n.  Harsar  Ca..  Cktaata,  III. 


iRtaraatlaail  Straw  Ca.,  Datralt.  Mlak. 

Tka  Laaiaaa  4  Sataiaat  Ca..  Clavataad,  Okla 
Tka  Natieaal  Straw  4  Mis.  Ca..  Clavalaad.  Okla 
Naw  Eaflaad  Straw  Ca..  Kaaaa.  N.  H. 

Tka  Ckarlaa  Parkar  Ca..  Marldaa,  Caaa. 

Parfcar- Kalaa  Carp..  Naw  Yark.  N.  Y. 

PawtHtkat  Saraw  Ca.,  Pawtaakat.  R.  I. 


Ruaaall  Bsrdtall  4  Ward  Balt  4  NutCa..  Part  Ckaatar.N.Y. 
Raadiat  Saraw  Ca»  Narrlatawa.  Pa. 

Pkaail  Maaafattarlat  Ca.,  Cklaapa,  III. 

Saaaill  Maaafattarlat  Ca..  Wataralila,  Caaa. 

Skakapraaf  laa.,  Cklaapa.  ill. 

Tka  Saotkiattaa  Hardwara  Mft.  Ca.,  Saatkiaptaa,  C«m. 
Wkitaay  Straw  Carp.,  Naakaa,  N.  H. 


|J  UILDING  "war  ears"  for  the  U.  S.  Army  Air 
and  Signal  Corps  is  our  job  in  this  war.  We’re 
proud  of  the  famous  sensitivity  and  clear  reception 
of  our  Radio  Phones — proud  that  Uncle  Sam  is 
using  so  many  of  them.  We’re  proud,  too,  that 
we’re  beating  our  war  production  schedules! 

Murdock  Radio  Phones  have  solved  many 
civilian  communication  problems,  too.  May  we 
help  you?  Write  to  Dept.  59  for  Catalogue. 


Tllurdock 

RADIO  PHONES 

Wm.  J.  Murdock  Go 


part  grid  resistance  bias  are  used, 
these  conditions  may  be  appmxi- 
mated  more  easily.  Complete  dyna¬ 
mic  characteristics  for  every  condi¬ 
tion  of  operation  are,  therefore, 
made  available. 

While  the  graphical  method  de¬ 
veloped  by  Dr.  Sarbacher  may  r^ 
quire  graphical  constructions  which 
are  too  tedious  for  use  by  the  operat¬ 
ing  engineer,  nevertheless,  a  way 
has  been  shown  by  which  the  per¬ 
formance  of  self-biased,  plate-modu-  ** 
lated  amplifiers  can  be  accurately 
determined.  It  is  to  be  hoped  that 
the  derived  curves  of  Fig.  6  can  be 
made  available  by  tube  manufac¬ 
turers  for  those  tubes  most  likely 
to  be  used  as  plate-modulated  self- 
biased  amplifiers. 
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culation  by  my  students  and  friends 
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tributed  in  the  calculation  of  other 
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ance  is  most  gratefully  acknowledged. 
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desirable  for  any  purpose  when  a  rugged,  positive,  crisp¬ 
acting  relay  is  required.  Send  for  bulletin. 

W''.  L.  B-2A  Relay  is  rated  25  A.  at  24  V,  sin¬ 
gle  pole,  single  throw,  normally  open  contacts. 


When  Ward  Leonard  developed  their 
B-2A  Relay  to  meet  the  Army  Air  Corps 
tests  for  vibration  and  acceleration,  they  went  further 
than  required.  They  incorporated  features  in  it  not 
found  in  any  other  relay. 

The  layer-wound  coils  are  thoroughly  impregnated 
by  a  vacuum  process  that  assures  better  insulation  under 
humid  conditions.  The  tail  spring  and  contact  gap  are 
readily  adjustable,  thus  enabling  perfect  adaptation  to 
the  required  circuit.  The  anchorage  for  the  terminal 
screws  molded  in  the  base  assures  rigidity  of  the  entire 
relay  under  vibration. 

Yes,  this  relay  is  used  on  aircraft,  but  the  very  features 
that  make  it  desirable  for  airplane  use  make  it  equally 


RELAYS  •  RESISTORS  *  RHEOSTATS 


Eleefrie  eonfrol  devices  since  1892, 


WARD  LEONARD  ELECTRIC  COMPANY.  32  SOUTH  ST.,  MOUNT  VERNON.  NEW  YORK 
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In  step  with  the  electronic  science  of  today  and  tomorrow  are  the 
resources  skills  researches  developments  and  products  of 


There  is  no  art  of  industry  or  war  in  which  electron  tubes  cannot  be 
used  to  accomplish  heretofore  impossible  tasks  These  impossibles 
will  bring  an  early  Victory  followed  by  peaceful  applications  of  elec¬ 
tronic  devices  to  which  Ken-Rad  will  make  available  its  experience  and 
a  complete  line  of  dependable  electronic  tubes 


TRANSMITTING  TUBES 
CATHODE  RAY  TUBES 
SPECIAL  PURPOSE  TUBES 
METAL  AND  UHF  TUBES 


(Continued  from  page  112) 

the  image  falling  on  a  small  shutter 
of  black  paper  attached  to  the  dia¬ 
phragm.  That  portion  of  the  light 
beam  which  gets  past  this  shutter 
spreads  to  form  a  diffuse  spot  cover¬ 
ing  practically  the  entire  cathode 
area  of  the  type  CE  20  photocell. 

An  increase  in  the  pressure  being 
measured  forces  the  diaphragm  up¬ 
ward,  moving  the  shutter  further 
into  the  light  beam  and  thereby 
darkening  the  spot  on  the  photocell 
cathode  in  an  approximately  uniform 


Fig.  1 — Circuit  and  mnchonical  arrongt- 
m*nt  of  the  improTed  photoelectric  mano¬ 
meter  developed  by  Dr.  W.  E.  Gilson  lot 
converting  small  variations  in  pressure 
into  corresponding  electrical  values  which 
con  be  observed  on  an  oscilloscope  screen 


Fig.  2 — Record  of  calibration,  showing  the  li 
linearity  obtained.  The  pressure  was  de¬ 
creased  from  150  mm  of  mercury  to  0 
nun  in  25-mm  steps 

I - 


Fig.  3 — Oscillogrom  showing  the  intra¬ 
ventricular  pressure  in  a  dog  os  detected 
by  the  Improved  electronic  monomeier 


manner.  Any  nonlinearity  due  to 
nonuniform  sensitivity  of  the  cathode 
is  thus  eliminated,  giving  a  linear 
calibration  record  as  shown  in  Fig. 
2.  A  comparatively  large  output  is 
obtained,  and  is  fed  into  a  cathode- 
ray  oscilloscope  of  the  type  described 
on  page  22  of  the  Dec.  1941  issue  of 
Electronics.  This  oscilloscope  is 
now  being  manufactured  in  im¬ 
proved  form  by  Clough-Brengle  Co., 
Chicago.  An  example  of  the  result¬ 
ing  record  is  shown  in  Fig.  3. 
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CAN  SUPPLY  THEM ! 

in  large  quantities  or  small 
—  on  line  production  runs 

It  took  many  years  of  peace  to  engineer  B  &  W  Air 
Inductor  Coils  to  their  present  state  of  perfection,  but  .  .  . 

It  took  less  than  one  year  of  war  to  teach  us  how  to  pro¬ 
duce  them  by  modern  line  methods — better  and  faster  than 
coils  have  ever  been  made  before! 

We'd  like  to  stack  these  expanded  facilities  against  your 
next  coil  order — whether  it  calls  for  a  few  coils  or  a  thou¬ 
sand — for  relatively  common  or  highly  special  units — and 
regardless  of  any  difficult  "fixed  for  fightin'  "  specifica- 
1  tions  that  may  be  involved.  B  &  W  delivers  the  goods — and 
I  that  not  only  means  promptly,  but  with  rigid  maintenance 
I  of  our  highest  quality  standards! 

\  BARKER  &  WILLIAMSON 

^  Manufacturers  of  Quality  Electronic  Components  for  10  years 
235  FAIRFIELD  AVENUE,  UPPER  DARBY,  PA. 
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required  to  hold  only  the  parts  actu¬ 
ally  involved  in  a  particular  step, 
and  each  operation  involved  in  that 
step  is  numbered  in  correct  se¬ 
quence.  Explanatory  notes  are 
placed  alongside  the  numbers  when 
necessary. 


Example  of  a  photo  instruction  board 
which  shows  the  parts  and  wires  in- 
▼olTed  in  one  sequence  of  operations  for 
building  an  intricate  amplifier.  The  tube 
sockets.  T  pads  and  filter  condenser 
terminals  are  in  the  original  photograph, 
while  the  wiring  and ,  other  parts  which 
cast  shadows  are  mounted  on  the  photo¬ 
graph 


flECTRIC  MFC.  COMPANY 

500  WEST  HURON  STREET,  CHICAGO.  Ill 
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PRECISION  PARTS 


*  Perhaps  You  Havo  a  Probfam 
Where  Haydn  Brothers  Can  Help. 
Let  Us  Know  Your  Requirements. 


TUBE  PARTS  METAL  STAMPINGS 
WIRE  FORMS 
M  echined  for  Accuracy 

BURNER  TIPS  FOR  ALL  APPLICATIONS 


HAYDU  Brothers  have  heen  serving  many  lead* 
ing  radio  and  eleetrical  manufacturers  for  more 
than  12  years,  when  the  company  was  originally 
estahlished  in  Newark,  N.  J. 

After  eight  years  of  growth,  we  moved  to  Plain* 
held,  N.  J.,  where  we  built  our  present  modern 
and  fully  equipped  factory  hve  years  ago. 

Our  engineers  and  manufacturing  executives 
understand  the  requirements  of  electronic  tube 
and  radio  manufacturers— due  to  our  experi¬ 
ence  and  close  contact  with  this  active  and  fast 
moving  held. 

Enlarged  manufacturing  facilities  now  enable 
us  to  offer  our  services  to  a  larger  number  of 
customers — including  the  designing  and  build¬ 
ing  of  machines  for  the  manufacture  of  preci¬ 
sion  electronic  parts. 

We  invite  your  inquiries  regarding  our  products 
and  services.  They  will  receive  prompt  and 
courteous  attention. 


mm  iMiK 

A  member  of  the  Radio  !^tanufacturer$  A$>ociation 

PRECISION  PRODUCTS  FOR  RADIO,  ELECTRICAL, 
AVIATION  AND  INSTRUMENT  MANUFACTURERS 


S 


Mt.  Bethrl  Road 

PLAINFIELD,  NEW  JERSEY 

Telephone:  Plainfield  6-0878 


THE  PLACE  OF  QUALITY  AND  ECONOMY 


:cs 


Side  Shifts  of  Paper  Corret  ted 
in  Roll-Winding  Machine 

Photoelectric  side  register  con¬ 
trols  which  insure  true  rewinding  of 
paper  rolls  ai  high  speeds  are  now 
available  as  commercial  units  for  re¬ 
winding  machinery  in  paper  mills, 
for  web-operated  printing  presses, 
for  slitting  equipment,  and  for  other 
types  of  paper  machinery  operating 
from  the  roll.  Crosswise  register  can 
be  maintained  with  a  high  degree  of 
accuracy  even  though  the  original 
roll  is  telescoped  or  unevenly  wound. 
With  roll-slitting  machines  trim 
waste  can  be  avoided  by  rewinding 
into  rolls  having  straight  ends. 

The  control  system  consists  essen¬ 
tially  of  three  sections:  (1)  The 
scanning  head,  which  converts  side- 
wise  shifts  of  the  moving  paper  or 
web  into  electrical  impulses,  (2)  The 
amplifying  system,  which  rectifies 
and  amplifies  the  output  of  the  scan¬ 
ning  head  to  provide  a  suitable  regis¬ 
ter  current  for  operation  of  the  side- 
shift  motor,  (3)  The  side-shifting 
mechanism,  containing  a  motor, 
levers  and  screws  which  shift  the 
paper  and  scanning  rolls  the  correct 
amount  in  the  correct  direction  to 
keep  the  paper  running  true.  These 
three  sections  are  identified  in  Fig.  1, 
which  shows  a  complete  installation. 

Photoelectric  side  register  controls 
as  manufactured  by  Cameron  Ma¬ 
chine  Co.,  Brooklyn,  N.  Y.  employ 
two  distinct  types  of  scanning  heads 
and  amplifying  sections,  but  all 
have  same  side-shifting  mechanism. 

Scanning  Head 

The  General  Electric  scanning  sys¬ 
tem,  illustrated  in  Fig.  2,  contains  a 


Rectangular  type  "09" 
high-Toltaqe  capacitors 
widoly  used  for  heory- 
duty  coBtinuoiu-serrice 
oppUcotions.  Doublo  rub¬ 
ber  bokeUte  sealed  por- 
celain-pUlar  terminals. 
Upright  or  inverted 
mounting.  600  to  5000  v. 
D.C.W.  Choice  oi  ca¬ 
pacities. 


Heavy-duty  oU-iilled 
"bathtubs".  Logical 
choice  for  ossembUes 
subjected  to  hard  usage. 
One-piece  drawn  metal 
case  with  soldered  bot¬ 
tom  plate.  400  to  1000  v. 


#  For  sheer  ability  "to  take  It"  day  alter  day,  month  in 
and  month  out  year  alter  year,  nothing  excels  the  properly 
engineered  and  built  oil-filled  capacitor.  Which  explains 
why  Aerovox  oil-filled  capacitors  hare  been  drafted  for 
the  war  effort.  Such  capacitors,  ranging  from  compact  oil- 
filled  tubulars  end  "bathtubs"  and  rectangular-con  types, 
to  the  large-can  types  and  even  to  the  giant  Series  20  imits 
in  ratings  up  to  50,000  v.,  are  available  on  very  highest 
priorities,  these  days.  If  your  work  is  of  a  vital  military 
or  war-indtutry  nature,  you  can  count  on  these  Aerovox 
oil-filled  capacitors.  #  Write  for  catalog.  #  Submit 
your  requirements. 


New  type  "10"  Hyvol. 
Double  terminals  on 
stepi^  bakelite  threaded 
terminal  post.  Fully  in¬ 
sulated  can.  Insulator 
washer  no  longer  neces¬ 
sary  for  non-grounded 
mounting  on  metal  chos- 
sU.  600  to  1500  V. 


Aerovox  oil-filled  high- 
voltage  capacitors  Series 
"20"  in  voltages  up  to 
50,000  D.C.W. 


Fig.  1 — Cameron  photoelectric  side  regis¬ 
ter  control  installed  in  a  web  press,  with 
the  three  basic  sections  of  the  control 
system  identified 


6EI0WX  CWM 
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Our  costly,  time-taking 
original  drawings  are  always 


Th^  stay  in  safe  storage.  We  make 
all  dufUcates from  PHOTACT 
frints—let  them  take  the  beating 


PHOTACT  duplicates  your  original 
drawing  as  many  times  as  you  need.  From 
your  negative  you  make  as  many  PHO* 
T  ACTS  as  required  for  use  with  govern¬ 
ment  contracts,  for  sub-contractors  or 
any  of  the  other  purposes  for  which  du¬ 
plicates  are  necessary. 


Today’s  top-speed  production  requires 
as  many  as  a  thousand  blueprints  from 
one  original  drawing. 

But  pencil  tracings— which  most  draft¬ 
ing  rooms  use  today — are  not  sturdy 
enough  to  stand  up  under  too  many 
blueprinting  runs,  because  they  become 
smudged  and  blurred  with  handling.  PHOT ACTS,  even  when  made  from  pen¬ 

cil  drawings  are  equal  to  fine  ink  trac¬ 
ings. Therefore,  blueprints  and  black  line 
prints  made  from  them  are  always  sharp 
and  clear. 


To  preserve  your  original  drawings,  use 
the  PHOTACT  process.  After  you  make 
the  negative,  your  original  drawing  may 
be  filed  away  as  a  record— preserved 
from  damage.  The  PHOTACTS  made  Pencil  or  ink  originals  may  be  repro- 
from  this  negative  are  used  to  produce  duced  on  either  PHOTACT  tracing 
all  your  blueprints  or  black  line  prints.  paper  or  tracing  cloth. 

PHOTACT  also  r«/or«.  Old,  smudged.  For  complete  information  about  PHO- 
overhandled  original  drawings  come  out  TACT  process  write  Photact  Depart- 
sharper  and  cleaner  in  the  PHOTACT  ment,  KEUFFEL  &  ESSER  CO.,  Third  & 
reproduction.  Adams  Streets,  Hoboken,  New  Jersey. 


CST.  1B67 

KEUFFEL  &  ESSER  CO 

NEW  YORK  •  HOBOKEN,  N.  J. 

BO  •  ST.  lOUIS  •  SAN  FRANCISCO  •  lOS  i 
DiTROIT  •  MONTRiAl 
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ENGINEERING,  DESIGN  AND 
MANDFACTURING,  TURN  TO 
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oPERADIo 


MANUFACTURING  COMPANY 


Fig.  2 — Photoelectric  tide  regiiter  control 
using  G-E  ncomning  and  amplUying  unik 
The  control  panel  contain*  cm  ordinary 
audio  amplifier  os  used  in  radio,  along 
with  necessary  seiuitiTity.  balancing  and 
anti-hunting  controls 


Here  is  electronic  “know-how”  built  on  1 5  years 
experience  as  contract  manufacturers  marked 
by  many  significant  “firsts.”  If  you  have  a  war  or  post-war  elec¬ 
tronic  problem  involving  design,  engineering  or  manufacturing, 
let  us  help  you  with  it.  Although  our  laboratory  is  temporarily 
working  day  and  night  on  electronic  engineering  for  the  Army  and 
Navy  and  our  production  workers  are  busy  on  vital  equipment  for 
these  same  government  agencies,  war  has  sharpened  our  ingenuity 
and  taught  us  many  short-cuts  to  apply  on  your  problems. 

File  a  reminder  now  so  you’ll  know  where  to  go  with  problems  in 
electronics.  Let  Operadio  supplement  your  own  engineering  staff 
and  be  your  electronics  laboratory. 


oPERADIo 

MANUFACTURING  COMPANY, 

ST.  CHARLIS,  ILLINOIS  M 


SYMBOL  OF  ELECTRONIC  EXCELLENCE 


Scanning  hoa^ 

Phototube 
Light  circk'c^^ 
(fhrambf  '---U! 
rotating  knstsiy 


'Side -shift  screw 


Fig.  3 — EquiTalent  register  control  lyites 
using  Westinghouse  rotory-lens  typ* 
scanning  unit  and  thyratron  ompliiiti. 
This  diagram  clearly  shows  the  screw 
and-lewer  mechanism  used  for  shiiting  the 
rolls  sideways 


The  Westinghouse  scanning 
tern,  illustrated  in  Fig.  3,  employs! 
light  source  and  a  fixed-focus  rotary 
lens  driven  by  a  small  electric  motor 
to  produce  concentric  circles  of  light 
on  the  edge  of  the  web.  The  light  re¬ 
flected  from  the  web  is  picked  up  by 
a  phototube,  and  the  output  of  the 
phototube  is  fed  through  an  ampli¬ 
fier  stage  built  into  the  scanninj 
head. 


FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


IT  IS  a  far  cry  from  the  complicated  bi-plane  of  1917  —  with  its 
*  tangle  of  struts  and  wires — to  the  simple,  clean-looking  dive- 
bomber  of  today.  To  the  engineer,  improvement  and  simplification 
are  inseparable  in  most  of  the  machines  of  war  and  peace. 

WALKER-TURNER  FLEXIBLE  SHAFTING  has  made  notable  con¬ 
tributions  to  simplification  of  design  —  where  the  problems  in- 


WALKER-TURNER  COMPANY,  INC. 

1443  BERCKMAN  STREET  •  PLAINFIELD,  NEW  JERSEY 
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SMALL  TOUGH  JOBS 


handled  with  skill, 
^  precision  and  efficiency,  are  a  regular  part 
^  J  of  GOAT  Service.  GOAT’S  position  today, 

as  largest  independent  manufacturer  of  electronic  tube  parts, 
is  due  to  GOAT’S  experience  jand  growth.  From  the  days  of 
radio  infancy,  GOAT  has  been  able  to  design  and  improve 
the  parts  needed  by  this  industry  as  it  demanded  greater 
sensitivity  and  durability  as  well  as  quantity  production. 

Today,  GOAT  serves  almost  every  electronic  tube  manufac¬ 
turer  with  a  tremendous  variety  of  stock  parts.  Facilities  are 
so  complete  that  GOAT  actually  can  supply  any  kind  of 
small  metal  stamping,  made  in  any  metal,  to  any  required 
degree  of  accuracy. 


Division  Of  THE  FRED  GOAT  CO,  INC. 

314  DEAN  STREET,  BROOKLYN,  N.  Y. 

Goat  has  meant  Accuracy  since  1893 


Shown  here  ore  just  a  few 
typical  samples  of  GOAT  Elec¬ 
tronic  Tube  Ports  and  Shields 
that  have  been  stamped,  drawn 
and  formed  on  GOAT  machines, 
dies  and  presses. 


l7T4K14AW4l)llitlLUBKK4MIKl^llliK\Y4«BiB 

r;i  It)  1  imvi  IU4  !■ 

llllltlllllUIBMiUUlkilIRNI 

Miifi 

a 

nitlviKI AIIJJ  ID 

HiHH 

resen 


jEliCTRONICS  — .4pri7  1943 


is  a  mercury  U-tube  balanced  ag  ur, 
the  head  of  water  in  the  reset  vn' 
Ten  plain  wire  electrodes  are  ■; 
serted  in  the  atmospheric  side  of  th 
glass  tube  as  indicated  in  the  d:, 
gram,  at  positions  such  that  mo 
ment  of  the  mercury  column  fru; 
one  electrode  to  the  next  corit 
ponds  to  a  change  of  one  foot  in  th 
water  level.  The  electrodes  cc  uw 
through  rheostats  to  one  of  the  ttk 
phone  wires  running  to  the  centn 
pumping  station  three  miles  awm 
An  additional  electrode  contacts  th 
mercury  at  the  bottom  of  the  colurr.] 
at  all  times,  and  connects  to  the  »thp 
telephone  wire.  Since  each  of  tr 
ten  rheostats  is  set  at  a  difFiier: 
ohmic  value,  each  one-foot  change  i: 
water  level  places  a  different  its’ 
tance  value  across  the  reservoir  en 
of  the  telephone  line. 


At  Raservoir 


At  Pumping  Station 

1 

■eft  '»'«<■  ?T' 


Maybe  we’re  wrong 


But  we've  a  few  ideas  that,  we  like  to  think,  are  clearer 
realizations  of  fact.  We  can't  be  tempted  into  soothing 
self-praise — or  boastfulness  untrammelled  by  modesty  or 
ordinary  business  conservatism. 

Frankly,  queries  about  what  we  are  contributing  to  the 
nation's  effort  find  us  verbally  unresponsive.  We  can't 
find  room  for  back-slapping  when  all  of  our  attention  is 
given  unreservedly  to  our  small  share  in  the  dread  realities 
of  this  war. 


ma 


\2a900\ 


\iasoo 


Marcuiy  column 
af  resnvo/r 


VR-ISO-30 


roctifm 


To! t phono  Hno 
from  reaorvoir 
io  pumping 
Sfafion 


No,  The  Allen  D.  Cardwell  Manufacturing  Corporation 
is  not  old-fashioned,  static — not  standing  on  a  record  of 
post  performances,  though  we  have  been  a  military  facUity 
ever  since  the  previous  war. 


Eiientiol  ieaturct  oi  the  automatic  coc;:t 
■yatem  uied  to  maintain  a  deiired  lerii 
ol  water  in  the  main  reserroir  at  Kols 
mcaoo,  Michigan.  The  electronic  voitag^ 
regulating  rectiiier  ehown  below  th*  t» 
lays  proTides  the  conatont  d-c  Toltaqe  r» 
quired  for  the  aeriea  arrangement  oi  relcyt 


Rather,  cumulative  experience  and  sound  counsel  have 
added  impetus  and  direction  to  creative  ability  and  pro¬ 
duction  enthusiasm.  Our  most  effective  service  is  being 
rendered  by  concentrating  solely  upon  assigned  tasks  .  . . 
design  and  construction  of  more  efficient  wartime 
apparatus. 


At  the  central  pumping  stati  r 
twelve  sensitive  relays  are  connects: 
in  series  with  a  voltage  source  an^ 
a  rheostat  across  the  telephone  lir' 
running  to  the  reservoir.  Ten  • 
these  relays  correspond  to  the  tr: 
electrodes  in  the  mercury  column  a' 
the  reservoir,  and  are  adjusted  ^ 
that  each  one-foot  rise  in  reserve  / 
level  closes  one  additional  cla 
Thus,  a  current  of  5  ma  flows  ovt 
the  telephone  line  when  the  colu; 


CONDENSERS 


CARDWELL 


THE  AUEN  D.  CARDWELL  MANUFACTURING  CORPORATION 
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Synthetic  Rubbef*  Aite^ 
for  Users  of  Mechanical 


tation 


if'ar  production  is  up  thrcefo'd. 
j^ut  the  vital  rubber  stocl^  pile  is 
dwindling  fast.  This  is  the  year  of 
ii  Uis  in  rubber.  .r 

There  is  only  one  solution . . .  th^ 
|rodi«ction  of  synthetic  rubber  in' 
iteadiiy  increasing  tonnages  .  .  . 
lynihetic  rubber  to  take  over  jobs 
ID  nee  handled  by  natural  rubber  . . . 
io  perform  new  tasks,  serve  in  new 
Applications  created  by 


Informarion  based  on  the 
of  vast  experiments  and.  prac^^a' 
applications  of  Synthetic  rubWei 
has  been  incorporated  in  a  n^ 
comprehen^vf;  book,T%eF/VeCo»»- 


The  successful  use  of  synthetic 
rubber  in  mechanical  ruljbet  goods 
and  the  insurance  of  fully  depend* 
able  service  depend  largely  upon 
the  skill  of  the  manufacturer  and 
compounder.  Each  of  the  five  basic 
commercial  types  of  synthetic  per¬ 
mits  a  myriad  of  variations. 

The  United  States  Rubber  Com¬ 
pany  has  been  developing  and  im¬ 
proving  rubber  products  for  one 
hundred  years.  Today,  the  same 
vast  resources  for  research  and 
development  that  resulted  in  some 
of  the  most  spectacular  achieve¬ 
ments  in  the  rubber  industry  are 
being  devoted  to  the  problem  of 
synthetic  rubber.  A  great  backlog 
of  knowledge  already  has  been 
built.  More  is  being  constantly 
added. 


fmtrcial  Typ^  o/^^thetic  Rubber\ 
^his  i0f<ft!mative  book  traces  the  | 
history"  pf  Synthetic  rubber  from 
the  earliest  experiments  of  Michael 
Faraday  to  the  present.  It  discusses 
wartime  each  of  the  basic  types  of  synthetic 
rubber,  tells  where  it  has  been  used 
I  One  of  the  first  synthetic  rubber  successfully  in  United  States  Rub- 
ylants  in  the  Government’s  pro-  ber  Company  products,  and  com- 
was  built  and  is  being  oper-  pares  its  properties  with  natural 
ittd  by  United  States  Rubber  rubber.  It  tells  how  synthetic  rub* 
CofDpany  . . .  another  soon  will  be  ber  is  made.  It  is  a  detailed  answer 
|n  production.  to  the  most  vital  question  of  the  day. 

I  Our  engineers  have  been  work-  e  feel  thit  The  Pipe  Commercial 

|ng  with  synthetic  rubber  since  Types  of  Synthetic  Rubber  is  a  puhli- 
|921.  During  this  period  they  have  cation  of  real  importance  to  men 
|earned  that  no  one  synthetic  ofindustry.  Requests  made  by  them 
|hould  be  used  for  all  types  of  on  their  company  letterhead  will 
iifchanical  rubber  goods.  They  be  filled  promptly.* 
lave  found  where  and  how  syn- 

^•€tic  is  superior  to  natural  rubber,  ^ 

^hrfe  it  is  equally  as  good,  where 

p  falls  short.  They  know  what  uses  «  fl  B 


^Requests  for  tbit  Symtbotie  Rubber  Book 
should  be  addressed  to  Department  riol 
Mechanical  Goods  Division,  United  States 
Rubber  Company,  Rockefeller  Center,  S.  Y.  C 


NITED  STATES  RUBBER  COMPANY 


Mechanical  Rubber  Goods  Division  •  Rockefeller  Center  •  New  York 

In  Canada.  Deminien  Rubber  Ce.,  IM. 
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rises  to  the  first  electrode,  cores 
ponding  to  a  water  elevation  of  2:]; 
ft.,  and  relay  A  is  adjusted  to  pu; 
up  at  this  current.  Line  current  in 
creases  to  8  ma  when  the  water  levt 
rises  one  foot,  and  relay  B  pulls  u; 
at  8  ma.  Each  additional  elec  rod. 
circuit  in  parallel  with  the  reservoi: 
end  of  the  phone  line  increases  thi 
current  three  ma,  so  that  the  32-mi 
current  for  the  highest  elect  rodf 
pulls  up  relay  /.  The  two  additiona 
relays  are  for  protection,  one  do; 
ing  if  the  telephone  line  become; 
shorted  and  the  other  acting  if  thi 
telephone  line  breaks  and  opens  thi 
circuit. 

A  voltage-regulating  rectifier  cit 
cuit  fed  by  a  constant-voltage  trail; 
former  (not  shown  in  the  diagram 
provides  a  voltage  source  for  thi 
relays  which  remains  constant 
within  one  volt  even  though  the 
power  line  voltage  drops  as  low  a; 
55  volts  or  rises  to  130  volts. 

The  system  uses  four  sets  nf 
pumps,  each  controlled  by  a  group  of 
three  relays — a  time  delay  relay,  a 
transfer  relay  and  the  main  motor¬ 
starting  relay.  One  group  of  the;*, 
relays  is  shown  in  the  diagram.  The 
group  can  be  connected  between  an? 
two  of  the  relays  A  to  7  by  an  ar. 
rangement  of  telephone-type  switch, 
es,  numbered  according  to  the  water 
levels  they  represent. 

When  the  reservoir  is  full,  32  ir; 
flows  over  the  telephone  line  and  re¬ 
lays  A  to  J  are  all  closed.  With  a 
relay  group  connected  to  relays  C 
and  B  as  in  the  diagram  nothin? 
will  happen  until  the  water  druf 
to  the  level  which  makes  relay  J 
drop  out.  This  closes  the  circuit  tf 
the  time  delay  relay,  which  it  cldso 
after  a  delay  of  about  ten  second' 
produced  by  the  condenser  and  pc- 
tentiometer  in  its  circuit.  Ch  siif 
of  the  time  delay  relay  eneipiz 
the  transfer  relay,  which  transf  r 
control  of  the  time  delay  relay  fr 
relay  B  to  relay  C  and  at  the  som- 
time  energizes  the  main  relay  l  : 
trolling  the  motor-starting  mecha 
ism.  When  the  reservoir  level  ha 
risen  one  foot,  relay  C  opens  a: 
disconnects  the  time  delay  relay 
After  a  few  seconds  delay  it  dia; 
out,  causing  the  other  two  relays  al¬ 
to  drop  out  and  shut  down  tr 
pumps.  The  time  delay  relay  pia 
vents  chattering  of  the  main  icla 
contacts  if  the  mercury  tends  t 
quiver  at  one  of  the  electrodes  in  tha 
U-shaped  tube. 
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TUBE  CO 


PRECISION 


SPECIALISTS  IN  ACCURATELY  DRAWN  TUBING  AND  METAL  SHIELDED  WIRE 

Factory:  3824-26-28  TERRACE  STREET  •  PHILADELPHIA,  PA. 

RRANCHES  IN  ALL  PRINCIPAL  CITIES  SALES  DEPT.  2957  21V  ST.,  BAYSIDE,  L.I..  N.Y. 


We  crt  Precision  take  justifiable  pride  in  the  privilege  of  contributing 
in  a  small  way  toward  our  Country's  Destiny  .  .  .  our  Freedom  .  . . 
and  the  Freedom  of  all  men  fighting  for  Liberty  and  Democracy. 

Tubing,  os  used  in  Instruments,  Aircraft  and  Electronics,  is  shaping 
that  Destiny,  that  Victory  which  comes  to  all  free  men. 

Accurately  drawn  small  Tubing  and  Metal  Shielded  Wire  ore  our 
Specialties.  Your  inquiry  concerning  your  requirements  is  invited. 


Rate  ol  Climb,  Air  Speed  and  similar  Air 
crah  Instruments  depend  for  their  accurate 
measurements  upon  the  amount  ol  air 
passing  through  a  predetermined  length  of 
formed  tubing.  Precision  Tube-  Company's 
new  method  of  manufacture  steps  up 
production  800%. 


c;::f  Instruments,  vital  to  all  Communi¬ 
ons,  must  depend  upon  accurately  made, 
ilively  balanced  Pointer  Tubing.  Today 
ri5ion  Tube  Company  supplies  this  high 
de  Aluminum  Alloy  Pointer  Tubing  to 
I  80%  of  the  Instrument  Manufacturers 
K;?-  free  Land.  There  must  be  a  reason. 


Metal  Shielded  Wire  —  insulated  wires 
shielded  with  Seamless  Aluminum  or  Copper 
Tubing— offers  the  only  positive  protection 
against  Moisture.  Electrical  Interference. and 
Mechanical  damage.  It  is  a  MUST  for  de¬ 
pendable  Electronic  Equipment  where  fail¬ 
ure  cannot  be  tolerated.  Made  in  a  wide 
variety  of  sizes  and  combinations. 


THE  ELECTRON  ART 


cell  by  calibrated  potentiometer  AB, 
and  the  current  through  the  cell  is 
measured  by  galvanometer  G.  Wher 
the  voltage  between  the  electrodes  is 
increased  from  zero,  the  current  will 
increase  somewhat  in  the  manner 
shown  by  the  curve  in  Fig.  2.  Fron 
a  to  6  the  current  is  small  and  in¬ 
creases  but  slowly  with  increases  in 
voltage.  At  point  b,  the  decomposi¬ 
tion  potential,  the  current  suddenh 
starts  to  increase.  Eventually,  how- 


Combining  of  Phase-Shifted  Rectified  Sine  Waves . 

Dectromechonical  Calculator  for  Directional  Antennas. . 

Magnetostriction  Made  Visible . 

Method  of  Predicting  A-F  Harmonic  Distortion . 

Measuring  Rotational  Speeds  with  Stroboscopic  Patterns 

Diodes  as  Frequency  Changers . 

Electronic  Coil-Tums  Counter . 

AIEE  Bibliography  on  Automatic  Power  Stations . 

Concentricity  Tester  for  Enamel  Film  on  Wire . 

Chemical  Ancdysis  with  a  Cothode-roy  Oscilloscope . 


7b  verf.  def/.  places 
of  oscit/oscope 


Basically,  the  method  involves 
placing  the  solution  to  be  analyzed 
in  a  container  or  cell  having  two 
electrodes.  The  smaller  electrode  is 
usually  a  capillary  tube  from  which 
tiny  drops  of  mercury  issue  every  2 
to  4  seconds.  The  larger  electrode  is 


Chemical  Analysis  With  A 
Cathode-ray  Oscilloscope 

Newly-developed  means  for  pro¬ 
ducing  current-voltage  curves  ^f 
chemical  solutions  instantly  on  the 
screen  of  a  cathode-ray  oscilloscope 
have  brought  the  polarographic 
method  of  chemical  analysis  within 
the  field  of  commercial  electronics. 
Speedy  identification  of  as  many  as 
half  a  dozen  different  substances  in 
a  dilute  solution  is  now  possible  sim¬ 
ply  by  watching  the  patterns  appear¬ 
ing  on  the  oscilloscope  screen,  once 
the  apparatus  has  been  calibrated 
with  known  solutions. 

A  paper  by  Tudor  S.  G.  Jones  in 
the  Feb.  1943  issue  of  Electronic  En¬ 
gineering  (a  British  publication) 
gives  a  comprehensive  survey  of 
polarographic  methods  of  analysis. 
Early  history,  fundamental  explana¬ 
tions,  principles  underlying  each  ad¬ 
vance  in  laboratory  technique,  and 
the  new  oscillographic  techniques 
are  fully  presented. 


Fiq.  3 — PoloTovroph  circuit  arrongumcnt 
purmittiag  us*  of  a  cothodo-rar  oscillo- 
scop*  for  identification  of  ions  in  a  solution 


ever,  the  current  reaches  a  limiting 
value  and  follows  an  almost  hori¬ 
zontal  curve  d-e  which  is  parallel 
to  the  residual-current  portion  a-h. 
The  paper  explains  the  limiting  cur¬ 
rent  in  terms  of  the  diffusion  of  ions 
in  the  immediate  vicinity  of  the 
dropping  electrode. 

When  several  different  electrolytes 
are  present  in  the  solution,  the  cur¬ 
rent-voltage  curve  will  have  a  num¬ 
ber  of  steps,  each  similar  to  that 
a  pool  of  mercury  in  the  bottom  of  shown  in  Fig.  2.  The  decomposition 
the  cell.  The  technique  is  based  upon  potentials  of  the  several  electrolytes 
interpretation  of  the  current-voltage  will  determine  the  widths  of  the 
curve  obtained  for  the  solution  when  steps,  and  the  concentrations  will 
a  direct  voltage  is  applied  to  the  determine  the  heights, 
electrodes  and  gradually  increased.  Curves  for  different  concentra- 
Both  the  nature  and  the  concentra-  tions  of  any  given  electrolyte  are 
tion  of  the  substances  present  can  symmetrical  about  a  value  of  applied 
be  determined  from  the  resulting  voltage  at  which  half  the  limiting 
curves.  current  is  flowing.  This  voltage  is 

As  originally  developed  about  20  known  as  the  half-wave  potential,  is 
years  by  Jaroslav  Heyrovsky’  of  the  independent  of  the  concentration  and 
Charles  University  of  Prague,  the  is  characteristic  of  the  electrolyte, 
method  required  tedious  manual  A  determination  of  the  half-wave 
plotting  of  the  current-voltage  potential  is  therefore  sufficient  to 
curves,  and  perhaps  for  this  reason  identify  an  ion,  and  a  determination 
received  little  attention.  Neverthe-  of  the  limiting  current  value  gives 
less,  it  constituted  a  significant  ad-  its  concentration, 
vance  in  analytical  technique,  pro-  The  development  by  Heyrovsky 
viding  a  new  tool  for  routine  analy-  and  Shikata*  of  an  instrument  called 
sis  and  solving  abstract  problems  im-  the  polarograph,  which  automatically 
mune  to  conventional  methods.  recorded  in  a  few  minutes  the  cur- 

The  basic  circuit  is  given  in  Fig.  1.  rent-voltage  curve  for  a  solution. 


Decomposifion 
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Applied  Direct  Voltage  in  Volts 


Fig.  2 — Example  of  a  current-Toltage  curre 
obtained  with  a  polarograph 
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Fig.  1 — Basic  circuit  for  polarographic 
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Many  factors  contribute  to  the  permanent  performance  of  Ohmite  Units -factors  of 


design  and  construction  that  enable  them  to  meet  every  condition  of  service 


.  .  .  to  withstand  shock,  vibration,  heat  and  humidity  .  .  .  and  keep 


going.  These  characteristics  make  Ohmite  Rheostats,  Resistors,  Chokes  and 


Tap  Switches  especially  well  fit  for  today’s  critical  wartime  needs 
What’s  more  .  .  .  Ohmite  leadership  in  developing  an 
extensive  range  of  types  and  sizes  has  made  it  possi¬ 
ble  to  serve  innumerable  applications.  All  this, 
of  course,  makes  them  readily  applicable  for  the  new 
peacetime  products  of  tomorrow.  Ohmite  Engineers 
are  glad  to  assist  on  any  problem  for  today  ...  or  tomorrow. 

Write  on  company  letterhead  for  helpful  Industrial  Catalog  and 
Engineering  Manual  No.  40. 

Send  for  Handy  Ohmite  Ohm’s  Law  Calculator.  Thou- 
stands  oj  these  Ohmite  Calculators  are  in  practical  use  today.  Figures 
ohms,  watts,  volts,  amperes— quickly,  easily.  Solves  any  Ohm’s  Law  prob¬ 
lem  with  one  setting  of  the  slide.  All  values  are  direct  reading.  Send 
only  lOc  in  coin  to  cover  handling  and  mailing.  {Also  available  in  quantities.) 
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Instantaneous  and  Continuous 


In  this  instrument  an  electric  motor 
simultaneously  drives  the  moving 
arm  of  the  potentiometer  and  a  drum 
covered  with  photographic  paper, 
while  a  miror  galvanometer  with  its 
light  source  traces  the  desired 
curve  on  the  paper.  The  method  has 
since  been  modified  to  permit  use  of 
an  automatic  ink-writing  recorder  in 
place  of  a  photographic  recorder. 

An  early  attempt  to  apply  the 
cathode-ray  oscilloscope  to  polarog- 
raphy  is  that  of  Matheson  and 
Nichols,*  who  eventually  were  able  to 
secure  recurrent  traces  resembling  a 
Heyrovsky  polarogram.  Their  method 
involved  synchronizing  a  rotating 
switch  with  the  rate  at  which  the 
mercury  was  dropping,  this  some¬ 
times  being  quite  difficult. 

The  latest  oscilloscope  application 
is  based  on  an  entirely  new  principle 
of  detecting  and  measuring  polaro- 
graphic  waves.  When  a  small  alter¬ 
nating  voltage  is  superimposed  on 
the  direct  voltage  during  polaro- 
graphic  analysis,  the  waveform  of 
the  resulting  current  will  be  the 
same  as  that  of  the  applied  alternat¬ 
ing  voltage  whenever  the  current- 
voltage  curve  is  linear,  as  at  half- 
wave  potential  c  and  flat  portions 
a-b  and  d-e  in  Fig.  2.  At  curved  por¬ 
tions  b-c  and  c-d  the  distortion  will 
be  marked. 

Muller,  Carman,  Droz  and  Petras 
based  their  cathode-ray  oscilloscope 
circuit  in  Fig.  3  on  this  principle. 
The  direct  potential  is  applied  to  the 
cell  by  potentiometer  R«  and  is  meas¬ 
ured  by  voltmeter  F.  The  alternat¬ 
ing  potential  is  upplied  by  trans¬ 
former  Ti  and  potentiometer  Rs.  The 
resulting  cell  current  is  applied  to 
the  vertical  deflecting  plates  of  an 
oscilloscope  through  step-up  trans¬ 
former  Tt,  while  the  horizontal  plates 
are  driven  by  the  usual  internal  syn¬ 
chronized  sweep  circuit. 

The  applied  direct  voltage  is  var¬ 
ied  until  the  oscilloscope  screen 
shows  a  trace  having  the  same  form 
as  that  of  the  alternating  applied 
voltage  (sinusoidal).  The  half-w’ave 
potential  is  then  read  on  the  volt¬ 
meter,  making  due  allowance  for  di¬ 
rect  voltage  drops  in  R3  and  the  pri¬ 
mary  of  Ts.  The  entire  pattern  dis¬ 
appears  as  the  mercury  drop  falls, 
but  the  interruption  is  only  momen¬ 
tary. 

The  foregoing  circuit  arrange¬ 
ment  was  used  with  a  slight  modifi¬ 
cation  by  the  Dutch  workers  Bocke 
and  van  Suchtelen*.  By  applying  the 


of  your  Electrical 


Is  the  modern  way  to 
obtain  an  absolutely 
reliable  record  of  your 
engineering  investiga¬ 
tion. 


0  if  you  fcovo  to  moke  moasuremenfs  of:  vibrofiou,  noise,  decoy  of 
sound,  reverberation,  ioudness; 

^  or  if  you  want  to  make  frequency  response  characteristics  at:  ’■ 
ioud  speakers,  microphones,  ampiitiers;  or  in  short,  measure- 
ments  of  aimosf  any  apparatus  used  in  the  communications 
heid;  i 

0  or  if  you  went  to  make  current  or  voifage  measurements,  the 
liiustrated  AUTOMATiC  GRAPHiC  RECORDER  wiii  execute  such 
measurements  in  the  most  rapid  manner  I  either  on  a  iinear  or 
iogarifhmic  scoiei. 


The  recorder  covers  an  unusual 
wide  range  of  intensity  with  a  de¬ 
pendable  accuracy  over  the  whole 
scale  (2"  wide),  the  instrument,  al¬ 
though  light  (25  lbs.),  and  compact, 
(7"  X  10"  X  12")  contains  an  AC  am¬ 
plifier,  DC  amplifier,  and  a  power 
supply,  (Current:  1 1 5  volts  60  cycles 
1 50  watts).  The  sensitivity  is  ex¬ 
tremely  high,  less  than  3  millivolts  in¬ 
itial  input  signal  is  required  to  start 
the  scriber  moving  which  means  less 
than  I  volt  to  cover  the  full  scale  if 
a  50  db  Input  potentiometer  Is  being 
used.  For  many  measurements  addi¬ 
tional  amplification  of  the  signal  is 
not  necessary.  The  frequency  char¬ 
acteristic  is  essentially  flat  from  40 


to  40,000  cycles. 

If  you  have  to  deal  with  measure¬ 
ments  as  indicated  above  (and  even 
if  you  doubt  that  the  instrument  will 
be  of  any  help  in  your  particular 
problem),  please  read  the  discussion 
about  this  remarkable  recorder  in  our 
House  Organ  "Sound  Advances" 
Volume  VII,  No.  2.  A  copy  will  be 
mailed  to  you  immediately  upon  your 
request. 

Our  instruments  are  used  by  the 
Armed  Forces  and  the  greatest  Labo¬ 
ratories  in  this  country  for  testing 
vibration  and  noise,  etc.,  and  also  for 
many  other  applications  which  we  can¬ 
not,  for  obvious  reasons,  discuss  here. 


•  The  instrument  is  comparativeiy  iow  priced  and 
we  can  guarantee  prompt  deiivery  on  an  agreed 
scheduie. 


Sound  Apparatus  Company 


1 50  West  46th  Street 
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For  further  information  on  products 
or  deliveries,  wire  or  write  Communica* 
tions  Division,  Dept.  10-L,  Westinghousc 
Electric  and  Manufacturing  Company,  East 
Pittsburgh,  Pennsylvania. 


J-94556 

Westinghousc 

PLANTS  IN  25  CITIES...  OFFICES  EVERYWHERE 


Communications  from  Westinghouse 

Capacity  is  available  to  produce  the  following  products  for  early  delivery  to 
communications  equipment  manufacturers.  Watch  this  board  for  latest  lists 
of  manufacturing  capacities. 


tompanyK^y, 


♦Reg.  U.S.  Pat.  Off. 


«»« COULD- MOODY 


Recording  Blank  Division 


alternating  potential  to  the  horiz.  n- 
tal  plates  in  place  of  the  usual  sweep 
circuit  voltage,  they  secured  the 
traces  shown  in  Fig.  4  as  the  ap- 
plied  direct  voltage  was  successively 
increased  in  steps.  Trace  a  is  sym¬ 
metrical,  indicating  that  the  voltage 
is  lower  than  the  decomposition  po- 
tential.  Trace  b  is  unsymmetrioal, 
corresponding  to  region  b-c  in  Fig. 
2.  Trace  c  is  symmetrical  and  indi¬ 
cates  that  the  half-wave  potential  has 
been  reached.  Traces  d  and  e  show 
the  effect  of  changing  the  direct  vol¬ 
tage  0.2  volts  higher  and  lower  re¬ 
spectively  than  that  for  c. 


For  a 
applii 
and  , 


Otd  Afuminum  Btanks  Recoated  with 
the  **B(ack  Seat**  Forma/a  in  2<t  Fast  Hours! 

Eliminate  broken  records!  Ship  with  safety  in 
the  new  Gould-Moody  PacKARTON*  a  per¬ 
fected,  light-weight,  corrugated  container 
that  not  only  protects  your  records  but  also 
reduces  your  shipping  costs.  Write  for  details. 


NEW  YORK,  N.  Y. 


**Black  Sea/"  Glass  Base  Instantaneous  Recording  Blanks 
have  been  one  of  the  really  outstanding  achievements  in 
radio  during  the  year  1942.  Broadcasting’s  keenest  ears 
were  given  a  new  delight,  a  bang-up  thrill  as  they  lis¬ 
tened  to  recordings  made  with  these  blanks.  What  are 
you  waiting  for?  The  time  is  now  to  install  “Black  Seal"  as 
a  definite,  necessary  part  of  your  own  equipment.  Order 
a  trial  supply.  Try  them  out  under  your  most  exacting  con¬ 
ditions.  If  you're  not  entirely  convinced,  not  entirely  satis¬ 
fied— we’ll  stand  all  the  expenses! 


No  waiting!  No  delay!  Gould-Moody 
"Black-Seal"  Blanks  will  be  shipped  im¬ 
mediately.  Styli  and  shipping  cartons 
supplied  at  actual  cost. 


Interest  in  polarographic  methods 
has  lately  been  stimulated  by  publi¬ 
cation  of  a  comprehensive  mono¬ 
graph  by  Kolthoff  and  Lingane*,  two 
of  the  leading  workers  in  this  field. 

In  conclusion,  the  author  points 
out  that  the  polarograph  is  finding 
many  uses  in  industry,  especially  in 
metallurgy  and  in  the  control  of 
proceses  where  even  minute  traces 
of  metallic  contamination  are  to  be 
avoided.  Recent  work  has  been  done 
on  the  determination  of  organically 
bound  arsenic  used  in  the  treatment 
of  disease,  and  other  applications  to 
biological  chemistry  are  anticipated. 
The  method  also  makes  it  possible  for 
the  first  time  to  distinguish  between 
tervalent  and  pentavalent  com¬ 
pounds. 
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Fig.  4 — Traces  obtained  on  on  oscilloscope 
as  the  direct  voltage  is  increcued  in  steps. 
The  potentiometer  is  adjusted  until  the 
pattern  at  c  is  obtained,  and  the  direct 
voltage  giving  this  pattern  is  then  the 
characteristic  half-wave  potential  of  one 
substance  in  the  solution.  Complex  solu- 
tioru  containing  as  many  os  six  different 
substances  may  be  analysed  in  a  iew 
minutes  by  this  method 
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Full  rated  output  is 
available  through  en¬ 
tire  life  of  G-E  Copper 
Oxide  Rectifiers  be¬ 
cause  of  extra  conserv¬ 
ative  initial  rating. 


For  G-E  Copper  Oxide  Rectifier 
ciiaiie 


j  ^  i 

.40  —  i  i^—j  .j . L- -1.  -  : 

25  ^t^bility  (if  ^  Copper-Oddc  RecWiers 
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In  1928  General  Electric  Company  set  up  operating 
tests  on  a  group  ol  Copper  Oxide  Rectifiers.  Twenty- 
four  hours  a  day  for  fourteen  years  these  tests  have 
continued  without  interruption.  And  they're  still 
running. 

As  a  result  of  this  and  subsequent  tests  we  know  that 
G-E  Copper  Oxide  Rectifier  Stacks  have  an  apparently 
unlimited  life  when  operated  within  their  rated  capac¬ 
ities,  in  accordance  with  operating  instructions  and 
when  given  normal  care. 

Whatever  your  direct  current  requirements,  you  can 
depend  on  G-E  Copper  Oxide  Rectifier  Stacks.  They 
provide  maximum  flexibility  for  high  efficiency,  and 
contain  no  moving  parts  to  wear  out  and  require 
replacement. 

Here  are  a  few  typical  applications:  Electroplating 
and  Anodising,  Battery  Charging,  Cathodic  Protection, 
Control  Circuits,  Elevator  Control,  Field  Excitation, 
Magnetic  Clutches,  Relays,  Signal  Circuits,  Telegraph 
ft  Telephone. 

For  additional  information  on  how  G-E  Copper  Oxide  Rectifiers  can  he 
applied  to  your  specific  needs,  write  to  Section  A436-II9,  Appliance 
and  Merchandise  Dept.,  General  Electric  Company,  Bridgeport,  Conn. 
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Combining  of  Phase'Shifted 
Rectified  Sine  Waves 

The  results  obtained  by  combining 
rectified  sine  waves  in  various  phase 
relations  are  described  in  a  54-page 
report  by  J.  T.  Tykociner  and  L  R. 
Bloom  in  University  of  Illinois  En¬ 
gineering  Experiment  Station  bulle¬ 
tin  No.  339  (Urbana,  Illinois;  price 
60  cents).  The  properties  of  wave¬ 
forms  obtained  by  subtraction  or  ad¬ 
dition  of  two  phase-shifted  rectified 


Fig.  1 — When  rectiiied  pulses  diiiering  in 
phase  by  60  deg.  are  subtracted,  the  saw¬ 
tooth  woTeionn  shown  ot  the  right  is 
obtained.  The  greater  the  phase  diiier- 
ence,  the  sharper  the  saw-tooth  pattern 

sine  waves  are  investigated  graphi¬ 
cally  and  analytically  for  various 
phase  angles,  and  a  number  of  oscil¬ 
lograms  are  reproduced.  One  ex¬ 
ample,  in  which  rectified  waves 
shifted  by  60  deg.  are  subtracted,  is 
shown  in  Fig.  1.  Methods  of  produc¬ 
ing  phase-shifted  rectified  sine 
weaves  in  various  frequency  ranges 
are  covered  and  circuits  are  given. 
The  waveforms  obtained  by  combin¬ 
ing  rectified  pulses  with  full  sine 
waves  are  also  considered. 


'1^  ILlMMiD  carries  to 
homes  the  urgent 
^iir^time  iti^sages  of  war¬ 
time  America.  And  Blaw- 
|piox  towers  are  helping  to 
PlKiaiiitain  this  great  service  at 
maximum  dependability  and 
with  maximum  coverage. 


Elec tr omechaiiical  Calc ii la t or 
for  Directional  Antennas 

Radiation  patterns  of  a  directional 
antenna  array  can  be  drawn  with 
ease  for  any  desired  elevation  angle 
by  an  electromechanical  calculator 
described  by  Carl  E.  Smith  and  Ed¬ 
ward  L.  Gove  in  the  February  1943 
issue  of  Electrical  Engineering.  Once 
the  desired  antenna  parameters  have 
been  set  up,  the  machine  draws  the 
field-intensity  curve  for  the  desired 
conditions  on  polar  coordinate  paper 
and  indicates  the  rms  value  for  draw¬ 
ing  a  circle  of  the  equivalent  non- 
directional  pattern.  The  directional 
arrays  may  have  any  number  of  an¬ 
tennas.  If  desired,  the  pattern  can 
be  viewed  on  an  oscilloscope  screen, 
and  parameters  adjusted  until  a  par¬ 
ticular  desired  pattern  is  obtained. 
The  whole  hemisphere  of  an  array 
can  be  explored  in  a  relatively  short 
time,  eliminating  laborious  compu¬ 
tations,  and  the  total  power  radiated 
by  the  array  can  be  determined. 


VERTICAL 


FM  &  TELEVISION  TOWERS 

BLAW-KNOX  DIVISION 

of  Blaw-Knox  Company 

2077  Farmers  Bank  Building 
Pittsburgh,  Pa. 
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NORTH  AMERICAN 
PHILIPS  COMPANY 

^/ec/icfuc  atu/  Lteve/f^iPneH/ 

★ 

PRODUCERS  for  Victory — of  Tungsten  and  Molyb- 
deiiuin  in  powder,  rod,  wire  and  sheet  form; 
Tungsten  Alloys;  Fine  \\  ire  of  all  drawable 
metals:  bare,  plated  and  enameled:  Diamond 
Dies;  Fleetronie  Test  Ecpiipment:  (’atbode 
Kay  Tubes:  Amplifier  Tubes,  Rectifier  Tubes; 
Transmitting  Tubes;  Oscillator  Plates. 

\-Kay  Apparatus  for  industrial,  research  and 
medical  applications.  (  Philips  Metalix  Corp.) 

NORTH  AMERICAN  PHILIPS  COMPANY,  INC. 


Factories  in  Dobbs  Ferry,  .\.  Y.,  Mount  \  er~ 
non.  A.  V,  (l*hilips  Metalix  Corp.)  Leicistim, 
Me.  (Flrnet  Division). 
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GENERAL  RADIO  COMPANY 

Cambridge,  Massachusetts 


NEW  YORK 


LOS  ANGELES 


Magnetostriction  Made 

Rapid  measurements  of 


magnet. 

striction  effects  in  transformei  cor 
samples  can  now  be  made  to  a  fia 
tion  of  a  millionth  of  an  inch  as ; 
routine  semi-production  procedure 
according  to  Stephen  C.  Le.marj 
writing  in  the  November  1942  iss  „ 
of  the  General  Electric  Review.  H  i 
article  points  out  that  designers  ' 
induction  apparatus  are  becoming  ir 
creasingly  aware  of  possible  reli 
tions  between  magnetostriction  ir 
core  materials  and  audible  soundi 
such  as  the  hum  of  a  transform^: 
core  or  a  refrigerator  motor.  Th= 
problems  involved  in  developing  s 
satisfactory  equipment  for  routini 
testing  are  analyzed,  and  a  sui  ces? 
ful  visual  method  utilizing  a  pair  oi 
optical  flats  as  the  indicating  devia 
is  described. 


Carefully  rotating  the  last  few  turns  of  the 

lathe  by  hand  avoids  collapse  of  the  wind- J 
ing  on  the  steepest  slope  of  cards  with  a  Although  the  winding  of  all  resistance  cards  for 
logarithmic  taper.  Th(^ logarithmic  units  General  Radio  potentiometers  is  essentially  auto¬ 
can  be  used  trilh  an  external  series  matic,  ex|)erienced  workmen  adapt  the  winding 
resistor  to  obtain  a  truly  logarithmic  speed  to  each  particular  unit  through  Variac  con- 
resistance,  or  u'ilhoul  the  series  resistor  trol  of  the  motor  drive, 
to  give  the  steepest  possible  slope  to  the 
resistance 


Magnefizing  coil 
Sodium  arc 
lamp 

ux  CO!  Inlerferonce  oifftr’ 
Sample  Mirror  j 


Optical  flats' 


Fig.  1 — Schematic  diagram  oi  the  optical- 
mechanical  system  which  is  capable  ol 
magnifying  morements  due  to  magneto 
striction  500,000  times  with  cm  accuracy  oi 
12  percent  or  better 


Putting  the  second  wii 


_  inding  on  an  Ayrton- 

Perry,  or  non-inductive,  resistance  unit.  Spring-mounted  pulleys  absorb  variations  in  wire 
This  unit  is  used  as  the  output  control  in  tension  as  the  card  turns.  Constant  tension  is  pro- 
a  standard-signal  generator  operating  at  vided  by  a  spring  device  on  the  shaft  carrying  the 
frequencies  up  to  50  megacycles.  spool  of  wire. 


The  arrangement  of  the  optica 
system  is  shown  in  Fig.  1.  The  sair. 
pie  under  test  is  mounted  betwtri 
lever  arms  L,  and  L,  in  such  a  wa; 
that  any  change  in  the  length  of  th^ 
sample  will  change  the  spacing  be 
tween  the  two  optical  flats.  Sodiur 
light  projected  normal  to  the  flat- 
produces  an  interference  pattern  di^ 
pendent  upon  the  spacing  betwtr 
the  flats.  Any  change  in  the  spa^ 
ing  can  thus  be  measured  directly  ^ 
terms  of  the  wavelength  of  sodiur: 
light  by  counting  the  number  of  in 
terference  lines  which  appear  t 
pass  the  reference  index  mark  aa 
the  sample  is  magnetized. 

A  movement  of  one  light  and  om 
dark  band  across  the  reference  ir. 
dex  represents  a  change  in  spacic; 
equal  to  one-half  wavelength  oi 
sodium  length,  or  11.6  millionths  r 
an  inch.  By  making  the  lever-arr 
ratio  (B/A)  equal  to  11.6  to  1,  ' 
direct-reading  scale  of  magneto.str; 
tion  is  obtained  in  which  each  divi 
sion  (consisting  of  one  dark  and  or 
light  line)  is  equal  to  a  millionth  o: 


How  G.  R.  Rheostat-Potentiometers  are  Wound 


The  resistive  elements  are  wound  on  flat  fabric-base  phenolic  cards,  which  are 
then  bent  around  molded  cylindrical  forms.  To  achieve  definite  resistance  char¬ 
acteristics —  linear,  paralK)lic,  or  logarithmic  —  many  sizes  and  shapes  of  cards 
are  used.  IVIore  than  one  size  of  wire  on  a  single  card  necessitates  abrupt  changes  in 
card  width.  For  non-inductive  units,  two  similar  windings  in  opposite  directions  on 
a  single  card  are  necessary. 

Gleneral  Radio  has  developed  winding  methods  and  adapted  standard  lathes  to 
produce  all  these  various  windings.  Constant-tension  devices  and  automatic  feed 
insure  precise  control  of  winding.  The  finished  resistance  element  has  turns  accu¬ 
rately  spaced  and  presents  a  smooth  uniform  surface  to  the  sliding  contact.  This 

A  results  in  long  life  and  trouble-free  operation. 

General  Radio  instruments  use  a  wide  variety  of  these  variable  wire- 
wound  resistors  as  calibrated  controls  in  bridge  and  other  measuring 
circuits.  Originally  designed  for  our  own  use,  these  rheostat-potentio¬ 
meters  are  essential  elements  in  many  electronic  instrmnents  and 
are  now  widely  used  by  otfier  manufacturers  of  precise 
electrical  equipment. 


ELECTROMCS 


:k; 


every  application.  The  meter,  which  is  fully  protected  against 
overloads,  is  linear  and  the  various  scales  have  ample  overlap 
for  accurate  readings.  A  built-in  calibrating  system  enables 
you  to  standardize  the  voltage  measurements.  Calibrating 
controls  and  meter  are  at  bottom  of  the  panel  as  can  be  seen 
in  the  illustration. 

The  overall  voltage  accuracy  is  ±  5%,  the  input  impedance 
is  200,000  ohms,  the  voltage  regulated  power  supply  operates 
from  110  volts  60  cycles.  Here  is  an  instrument  designed 
throughout  for  ease  of  operation  and  for  accuracy  which  will 
be  maintained  over  long  periods  of  time.  Write  for  further 
particulars.  A  24 -page  catalog  of  -hp-  instruments  contains 
much  valuable  int^ormation  relative  to  electronic  measure¬ 
ment  devices.  A  copy  of  this  fully  illustrated  catalog  will  be 
sent  you  upon  request.  No  obligation,  of  course,  but  mail 
your  request  early  for  the  edition  is  limited. 


The  selectivity  characteristic  of  the  Model  5 00 A 
wave  analyzer  is  shown  above.  The  band  width 
can  be  changed  to  any  value  between  these  curves 
by  a  turn  of  a  knob 
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BOX  135  C  STATION  A 
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an  inch.  Furthermore,  by  slight!' 
changing  the  tilt  between  the  t^' 
optical  flats,  the  interference  band 
can  be  spread  out  so  that  each  divi- 
sion  covers  a  distance  of  half  an  ind 
in  the  mirror  mounted  above  th- 
flats.  This  is  equivalent  to  an  over 
all  magniflcation  of  500,000  time 
for  changes  in  the  length  of  th* 
sample. 


Jodrt/m  arc 
famp^^ 


light-  compensating 

photo  ce^ 


Semt  silvt 
mirror 


elecfric 


Lens  Mirror 
'Optical  lit 
ffah 


Me  "xxHcol 
counkr 


Fig.  2 — Photoelectric  arrangement 
counting  moring  interierence  linei. 
number 


indicoted  on  the  mechanical 
counter  repreeents  a  change  in  length  ol 
a  millionth  of  on  inch 


The  major  portion  of  the  article 
deals  with  methods  of  eliminating 
temperature  effects,  adjusting  tech- 
simultaneous  measurements 


niques, 

of  flux  density,  and  a  consideration 
of  practical  problems  involved  in 
making  factory  tests.  From  one  to 
four  samples  per  hour  can  be  tested 
by  a  trained  operator,  depending 
upon  the  amount  of  data  desired. 

In  tests  requiring  the  counting  of 
a  large  number  of  moving  lines,  the 
interference  pattern  can  be  pro¬ 
jected  optically  onto  a  photoelectric 
cell  connected  to  a  sensitive  ampli¬ 
fier  and  a  mechanical  counter,  as 
shown  in  Fig.  2. 


Method  of  Predicting 
A-F  Harmonic  Distortion 

A  RELIABLE  and  essentially  practical 
method  of  estimating  the  amount  of 
harmonic  distortion  produced  by  an 
a-f  transformer  from  transformer 
design  data,  operating  conditions  and 
the  characteristics  of  the  core  mate^ 
rial  is  described  in  a  paper  by  Nor¬ 
man  Partridge  entitled  “An  Intro¬ 
duction  to  the  Study  of  Harmonic 
Distortion  in  Audio  Frequency 
Transformers”  in  a  summer  1942 


Inquiries 

are 
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MASS  PRODUCTION 


CUSTOM-BUILT 

PERFORMANCE 


N  E  CO.,  INC  •  •  6200  Avalon  Blvd.,  Los  Angeles,  California 
for  over  a  quarter  century  geared  for  flying  prod  uctio  n 


1  TUBE  TYPE,  3  BASIC 
CELL  UNITS,  75%  LESS 
HOOK-UP  WIRE 


Streamlined  Production  through  use  of  standardized  cell- 
units  requiring  only  one  tube-type,  one  capacitance  of  tuning 
condenser,  a  minimum  of  resistor  types,  and  only  two  values 
of  by-pass  condensers. 

Streamlined  Assembly  with  standardized  R.  F.,  I.  F.  and 
Audio  cells,  which  are  basic  for  all  electronic  assemblies  — 
assembled  to  provide  selectivity,  sensitivity,  and  frequency 
bands  to  meet  customer  requirements. 

Streamlined  Servicing.  In  event  of  damage  to  a  cell-unit, 
replacement  is  as  simple  as  tube  changing —  for  quick  repair. 
No  solder,  special  tools,  or  circuit  diagrams  needed. 

Other  Divisions 

Aircraft  •  Ordnance  *  Special  Machinery 


electronics 


Measuring  Rotational  Spe<  ilg 
With  Stroboscopic  Patterns 

A  DISC  WITH  NINE  equally-sp.iced 
radial  lines  can  be  used  in  connec  tion 
with  a  Strobotron  or  other  modern 
stroboscopic  lamp  connected  to  a 
60-cycle  a-c  line  for  determination  of 
speeds  of  rotation  between  400  and 
7200  rpm.  Accuracy  is  only  slightly 
less  than  that  at  which  the  power  line 
frequency  itself  is  maintained,  lx)th 
for  fixed  points  at  which  stationary 
patterns  are  observed  and  for  inter¬ 
mediate  speeds  at  which  the  rate  of 
precession  or  recession  of  a  moving 
pattern  must  be  considered.  The  en¬ 
tire  speed-measuring  procedure  is 
described  in  detail  in  an  article  by 
D.A.  Macinnes  entitle  “The  Use  of 
Stroboscopic  Patterns  in  the  Deter¬ 
mination  of  Speeds  of  Rotation”  in 
the  January  1943  isue  of  Review  of 
Scientific  Instruments. 

Speeds  at  which  stationary  pat¬ 
terns  are  observed  when  using  a  60- 
cycle  source  can  be  determined  by 
the  formula:  rpm  =  3600w/n,  in 
which  n  is  the  number  of  radial  lines 
visible  in  the  pattern  and  m  is  the 
“multiplicity,”  all  values  of  m  being 
excluded  which  make  m  and  n  have  a 
common  factor  for  a  given  condition. 
Thus,  a  three-line  pattern  can  mean 
1200,  2400,  4800  or  6000  rpm,  but 
not  3600  rpm  because  that  gives  a 
single-line  pattern. 


ideal  Connector  for 
Radio  and  Sound 


A  connector  designed  over  a  decade  ago  to  meet  the  primary 
needs  of  the  electronics  engineer,  it  is,  today,  the  recipient  of 
wide  acclaim  in  the  fields  of  radio,  sound  and  television. 

It  effectively  solves  the  problem  of  conveying  low-level 
circuits  and  small  power  applications,  and  is  dependable 
under  all  conditions. 

The  praaical  features  of  the  Type  P  Connector,  the  full 
floating  socket  and  rigid  pin  insert  which  serve  to  eliminate 
excessive  strain  on  contacts  . . .  together  with  its  rugged  con¬ 
struction  and  compactness,  make  this  plug  highly  desirable 
wherever  there  is  limited  space  or  need  of  speedy  coupling. 

The  precision  engineering  back  of  the  Type  P  Conneaor 
and  the  features  designed  to  aid  the  user  are  typical  of  every 
item  in  the  Cannon  family  of  dependable  conneaors. 


strobotron 


S  ej  /2ti/ 

adjustable 


broken 

throug 

cause 


.  1 — This  simple  circuit  produces  3600 
flashes  of  intense  light  per  second 


To  utilize  this  method,  it  is  neces¬ 
sary  to  know  the  approximate  speed. 
This  can  be  determined  with  an  in¬ 
expensive  speed  indicator  or  other 
means,  or  by  noting  the  sequence  of 
observed  as  speed  is 


The  Cannon  Catalog  Supplement  gives 
data  on  Type  P  and  seven  other  types  of 
Connectors.  Make  request  on  your  busi¬ 
ness  letterhead  and  we’ll  send  you  a 
copy.  Address  Department  U,  Cannon 
Electric  Development  Company,  Los 
Angeles,  California. 


patterns 

changed  and  comparing  with  a  table 
based  on  the  foregoing  speed  for¬ 
mula.  Intermediate  speeds  are  de¬ 
termined  by  the  fact  that  all  of  the 
patterns  rotate  at  a  rate  dependent 
only  upon  the  difference  between  the 
actual  speed  and  the  speed  at  which 
the  pattern  is  stationary.  Thus,  if  a 
five-line  pattern  with  a  stationary 
speed  of  1440  rpm  is  turning  ten 
times  per  minute  in  the  direction  of 


Cannon  Electric  Development  Co.,  Los  Angeles,  California 

Canadian  Factory  and  Enginooring  Officoc  Cannon  Eloctric  Co.,  Ltd.,  Toronto 
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I  PUT  TEETH 


behind  any  man’s  quartz  program 


I  have  the  teeth,  too 
-  thousands  of  them  -  made 
from  diamonds  specially 
prepared  and  an¬ 
chored  to  give  me  the 
sharpest  kind  of  a  bite. 
LISTEN... 


Y  NEVER  A  DULL  MOMENT ! 

Stamina?  When  I  leave  the  factory 
^  I’m  really  in  condition  -  hand 

straightened,  they  call  it  -  nicely 
Token  in  and  waiting  for  a  chance  to  mow 
through  that  quartz.  Guess  I  keep  going  be¬ 
cause  I  hang  on  to  my  teeth  and  have  plenty 
of  'em  to  start  with. 


'  I  HOLD  ’EM  ON  THE  NOSE,  TOO. 

^  Precision’s  the  word!  I  get 

\  in  the  groove  and  stick  to 

'™  " it.  No  wavering,  no  runout, 
but  perfectly  smooth,  parallel  cuts 
morning  til  night. 


\  fcj  diameter.  There’s 


HOW  BIG  AM  I? 

Heck,  my  brothers  and  I  vary  from  4"  to  24"  in 
diameter.  There’s  a  3"  baby  in  the  family,  tool 


^  We’re  sort  of  busy  now, 
but  if  it’s  more  WAR  WORK, 
you  can  count  on  us! 

FELKER  MANUFACTURING  CO. 

1116  BORDER  ST.,  TORRANCE,  CALIF. 


SPEED... FOR  ACCURACY. ..FOR  LONG  LIFE 
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1  ROTOBRIDCE  + 

1  Unskilled  Girl  = 
120  Tested  Electronic 
Circuits  in  4  Minutes 


A  practicgl  applica- 
tiea  of  tliit  •qootioo  at 
eoo  of  tbo  lorgor  plants 
prodncas  a  rasnlt  that 
prodnction  wisa  angi- 
naers  cannot  afFord  to 
ignom.  Turned  loot*  on 
a  eortain  eomplnx  wiro 
eliocli,  rasistanco  and  ra« 
actance  tost,  tho  Roto* 
bridge  breexes  through 
the  same  routine  in  10 
minutes,  inciuding  handi- 
ing  time.  Furthermore 
better  accuracy  of 
measurement  is  ob¬ 
tained,  and  errors 
caused  by  fatigue  or 
careiessness  ore  elimi-  ' 
noted. 

The  time  for  static  tests  is  reduced  to  iess  than  10%  of  that  previously 
required.  While  the  Rotobridge  is  taking  care  of  this  operation,  the  shiiied 
testers  previously  employed  on  this  job  arc  devoting  their 


An  AUTOMATIC,  HIGH  SPEED 
Mass  Production  Tester 


Of  course  there's  more  to  the  story — Rotobridges  are  sprouting  ali 
over  the  place,  checking  sub  assembiies,  chassis,  and  finished  equipments 
ranging  in  sixe  from  "i  tubers"  to  a  45  tube  giant  that  requires  three 
ROTOBRIDGES  to  give  it  a  compiete  test. 

Unless  you  hove  an  oversupply  of  skilled  testers,  vre  believe  the  Roto- 
bridge  can  help  you  too.  Complete  information  on  this  new  testing 
technique  will  be  mailed  on  request.  Demonstrations  for  engineers  and 

Communications 
Measurements 
[auoratory 

131  LIBERTY  ST.,  N.Y.C.  WHitehall  4-7275 


production  men 
will  be  made  at 
our  plant  by  ap¬ 
pointment. 


rotation,  the  actual  speed  is  llSO- 
rpm. 

A  simple  circuit  for  operating  a 
stroboscopic  lamp  at  the  line  fre¬ 
quency  is  given  in  Fig.  1.  A  stand-: 
ard  broadcast  receiver  replacement 
transformer  having  a  secondary  vol-j 
tage  of  about  400  volts  is  used.  The 
tube  is  a  General  Radio  Strobotron 
tube. 

e  e  e 

Diodes  as  Frequency  Changers ; 

The  mathematics  involved  in  us- 1 
ing  a  diode  as  a  frequency-changer ; 
for  reception  of  very  short  wave-! 
lengths  is  covered  in  two  papers  ap-  i 
pearing  in  the  January  1943  issue  ^ 
of  Wireless  Engineer.  This  type  of 
converter  is  often  used  with  the  local 
oscillator  set  to  a  sub-multiple  of 
what  it  would  normally  be  for  super¬ 
heterodyne  reception.  A  number  of. 
theoretical  conclusions  are  pre- 
sented,  some  confirmed  by  measure-’ 
ments  at  frequencies  up  to  600  mega¬ 
cycles.  The  conversion  factor  is ; 
greater  than  90  percent  for  oscillator  i 
voltages  in  excess  of  2  or  3  volts,  and ' 
is  essentially  independent  of  the  os¬ 
cillator  voltage.  With  a  suitable  d-c 
load  resistance,  the  diode  current  is  ■ 
of  sharply  impulsive  character,  and 
the  local  oscillator  may  be  set  at  half, 
third  or  even  a  fourth  of  the  signal 
frequency  plus  or  minus  the  beat 
frequency  with  little  loss  of  con¬ 
version  ratio.  Performance  formulas 
are  deduced  from  an  equivalent  cir¬ 
cuit  consisting  of  a  pi  network  of 
resistances. 

•  •  • 

Electronic  Coil-Turn^  Counter 

A  CIRCUIT  CAPABLE  OF  counting  the 
number  of  turns  in  a  coil  to  an  ac¬ 
curacy  of  1  turn  in  500,  on  coils  up 
to  4J  inches  long  with  minimum  in¬ 
side  diameter  of  §  inch  and  with  up 
to  111,000  turns,  is  given  in  the  No¬ 
vember  1942  issue  of  Electronic  En^ 
gineering.  The  apparatus  was  de¬ 
veloped  by  the  Metropolitan-Vickers 
Electrical  Co.  of  Great  Britain  and  is 
sufficiently  automatic  for  routine 
work.  The  coil  to  be  tested  is  placed 
on  an  iron  core  along  with  a  tapped 
standard  coil,  and  connected  in  op¬ 
position  to  the  standard  coil.  Decade- 
type  selector  switches  are  then  ad¬ 
justed  for  zero  galvanometer  de¬ 
flection,  indicating  that  both  stand¬ 
ard  and  test  coils  have  the  same 
numbers  of  turns.  The  decade 
switches  then  indicate  directly  the 
number  of  turns  in  the  unknown  coil. 
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of  the  ocean  and  the  clouded  skies.  Already  much 
of  our  success  over  our  enemies  on  land,  sea  and  in 
the  air  has  been  achieved  through  the  use  of  these 
**electrical  cats.” 

The  peacetime  possibilities  of  these  devices 
which  pierce  the  darkness  are  limitless. 

In  the  very  forefront  in  the  design  and  manu¬ 
facture  of  these  developments  stand  Western 
Electric  and  its  engineering  organization,  the  Bell 
Telephone  Laboratories. 


TO  see  in  the  dark  and  to  see  at  a  greater  distance 
...to  push  back  the  clouds  and  fogs  of  ignorance 
has  been  since  the  beginning  of  time  one  of  man's 
greatest  aspirations. 

Spurred  by  war,  the  scientific  laboratories  of  the 
nation  are  making  tremendous  strides  toward  meet¬ 
ing  this  aspiration. 

In  every  branch  of  the  services  our  fighting  men 
are  now  armed  with  electrical  devices  which  en¬ 
able  them  to  pierce  the  black  of  night,  the  depths 


Western  Electric 
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Engineers . . . 

A  number  of  interesting,  well 
paid  positions  open  with 
Fairchild  Aircraft 


nr  HIS  LONG  ESTABLISHED  major  aircraft 
company  now  has  many  positions  in  its  En¬ 
gineering  Department  open  to  engineers  with 
previous  aeronautical  experience  and  to  engi¬ 
neers  who  may  not  have  had  such  experience. 

Fairchild  needs  aeronautical,  structural,  me¬ 
chanical  and  electrical  engineers. 

It  needs  architects,  draftsmen,  machine  de¬ 
signers  and  others  similarly  qualified. 

These  positions  are  highly  interesting,  confi¬ 
dential,  have  to  do  with  the  unique  develop¬ 
ment  of  military  cargo-carrying  aircraft.  They 
offer  splendid  chances  for  advancement,  finan¬ 
cially  and  otherwise. 

Candidates  should  have  at  least  a  high  school 
education  and  5  years  of  actual  engineering  or 
drafting  experience.  Age  range  28  to  50.  They 
must  be  American  citizens.  Those  now  em¬ 
ployed  at  their  highest  skills  in  war  work  will 
not  be  considered. 

In  replying  please  send  photo  (any  kind) 
and  give  details  of  experience,  education  and 
general  background.  Replies  will  be  treated 
confidentially. 

Address:  Engineering  Department  D, 
Fairchild  Aircraft,  Hagerstown,  Md. 


AIEE  Bibliography  Available 
on  Automatic  Power  Stations 

Supplementing  earlier  bibliogi  apt 
ies  on  the  subject,  the  publicatioc 
“Bibliography  on  Automatic  Sta¬ 
tions,  1930-1941“  is  now  obtainabh 
from  AIEE  headquarters,  33  W.  39th 
St.,  New  York  City  at  25  cents  for 
AIEE  members  (50  cents  to  non 
members).  Entries  are  arrangeii 
alphabetically  by  years  in  eight  sec 
tions:  General;  supervisory  and  re¬ 
mote  control ;  telemeter  and  tele¬ 
metry;  automatic  and  remote-con¬ 
trolled  switches  and  switchgear; 
automatic  boiler  and  combustion  con¬ 
trol;  automatic  hydroelectric  plants, 
automatic  substations. 

•  •  • 

Concentricity  Tester  for 
Enamel  Film  on  Wire 

An  Electronic  Circuit  which  makes 
it  possible  to  measure  the  thickness 
or  concentricity  of  enamel  insulation 
on  a  sample  of  magnet  wire  in  about 
one  minute  is  described  by  Elmer 
F.  Hansen  in  the  Nov.  1942  issue  of 
General  Electric  Review.  The  sample 
of  wire  is  inserted  in  a  turning 
chuck  and  placed  over  two  brass 
plates  mounted  end  to  end  in  the 
same  plane.  An  insulating  block  ap¬ 
plies  pressure  to  hold  the  wire  flat 
against  the  plates.  This  gives  two 
capacitances  in  series  between  the 
brass  plates ;  the  copper  wire  is  the 
common  conductor  and  each  brass 
plate  serves  as  a  conductor,  with  the 
film  of  enamel  acting  as  the  princi¬ 
pal  dielectric  for  each  capacitance, 
This  series  connection  eliminates  the 
necessity  for  scraping  off  insulation. 


Fig.  1 — Basic  electronic  circuit  lor  measur 
ing  the  thickness  of  enamel  insulation  on 
wire  at  production  speeds 


Changes  in  film  thickness  change 
the  capacitance  over  a  range  of  5  ^/if 
to  7  fi/xf  for  an  average  wire  samples 
with  varying  degrees  of  concentric- 
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RiG.  U.  S.  PAT.  OFF. 


IN  CAPACITIES  UP  TO  16,000  MMF 


Capacity  Range:  Maximum  capacity, 
insulated  style  5,600  MMF;  Non* 
insulated,  16,000  MMF.  Minimum 
tolerance,  ±  10%. 


Working  Voltage:  500  volts  D.C.  up 
to  60  C.  Flash  test  1,000  volts  D.C. 


Maximum  Power  Factor.  2.5%  at  25*^0. 


i  30%' 


Initial  Leakage  Resistance:  Over 
5,000  megohms  at  l,000voltsD.C. 
at  25°C. 


COMPACT,  HIGH  CAPACITY,  CERAMIC  CONDENSERS 


Erie  is  now  in  production  on  a 
group  of  new  "Hi-K"  Ceramicons 
in  capacities  up  to  16,000  MMF. 
Behind  these  units  are  nearly  7  years 
of  experience  in  producing  silvered- 
ceramic  condensers  and  over  IV2 
years  of  research  and  development  of 
these  high  dielectric  ceramic  units. 

Present  Erie  "Hi-K"  Ceramicons 
have  a  dielectric  constant  (K)  of 
1050  at  25°C,  and  are  available  in 
the  capacity  range  listed  above. 
Insulated  units  are  encased  in  a 
sealed  ceramic  sleeve.  Non-insulated 
units  have  an  extremely  hard  white 
protective  coating. 


The  announcement  of  Erie  "Hi-K" 
Ceramicons  has  been  purposely  with¬ 
held  until  they  were  developed  to  a 
point  where  they  would  successfully 
fulfill  present  day  requirements. These 
units  have  very  high  and  changing 
temperature  coefficient  and  are  rec¬ 
ommended  for  use  as  by-pass  or 
blocking  condensers  where  high  sta¬ 
bility  and  high  leakage  resistance  is 
not  essential.  The  ratings  of  these  ca¬ 
pacitors,  shown  in  the  above  panel, 
are  conservative  and  are  indicative 
of  their  operating  performance. 

Interested  engineers  are  invited 
to  write  for  samples  to  test  in  their 
laboratory. 


ERIE  RESISTOR  CORP.,  ERIE,  PA. 


LONDON,  ENGLAND  •  TORONTO,  CANADA. 
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The  No.  10050  Dial  Lock 


Designed  for  application!  Compact, 
•asy  to  mount,  potitivo  in  action, 


tieni  Rotation  of  knob  "A"  do- 
proMos  Rngor  "B”  which  firmly 
pinchot  dial  botwoon  "B"  and  "C” 
without  impartmg  ddy  rotary  motion 
to  Dial.  Single  heU  mounted  by 
meant  of  thank  ''D".  Made  of  bratt 
—Standard  finith  Nickel. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


ity.  This  change  is  measured  by 
connecting  the  brass  plates  to  the 
grid  and  plate  circuits  respectively 
of  an  oscillator,  as  shown  in  Fig.  1. 
An  increase  in  film  thickness  causes 
a  decrease  in  the  connected  grid- 
plate  capacitance  and  an  inversely 
proportionate  increase  in  the  d-c 
plate  current  of  the  oscillator.  The 
deflection  of  the  plate  current  mil- 
liammeter  Mj  was  found  by  test  to 
be  a  linear  function  of  film  thickness. 

A  calibration  in  terms  of  the  ratio 
of  maximum  to  minimum  film  thick¬ 
ness  was  found  more  suitable  for 
iroduction  testing  because  it  remains 
accurate  regardless  of  normal 
changes  in  circuit  parameters  with 
age,  and  is  also  independent  of 
slight  changes  in  oscillator  fre¬ 
quency.  In  making  a  test,  the  wire 
sample  is  rotated  to  get  minimum 
meter  deflection,  and  sensitivity  con¬ 
trol  Ca  is  varied  until  a  reading  of 
1.0  is  obtained.  The  wire  is  then  ro¬ 
tated  for  maximum  deflection,  and 
the  ratio  of  maximum  to  minimum  I 
film  thickness  is  read  directly  on  the 
meter.  The  results  are  accurate  to 
within  about  5  percent. 

•  •  • 


MINE  DETECTOR 


This  compact  cose  and  earphonos  is  a  | 
British  mine  detector  used  by  skilliul  and 
courageous  engineers  who  sweep  the 
desert  before  advancing  troops.  When 
the  device  detects  a  mine,  certain  sounds 
reach  the  earphones  worn  by  "sappers" 
who  then  go  about  the  task  of  unearthing 
the  deadly  mine  and  rendering  it  harm¬ 
less.  This  detector  played  a  big  port  in 
Britain's  conquest  of  Egypt 


— a  name  to  remember  when 
the  war  is  forgotten 

★ 

VERTICAL  TUBULAR 
STEEL  RADIATURS 
★ 

PATENTED  EM 
TURNSTILE  RADIATURS 
★ 

We' re  "all  out" for  J'ictory, 
but  our  engineers  are  ready 
to  icork  with  you  on 
post-irar  plans. 

★ 

JOHN  E.  LINGO  t  SON,  Isc. 
CAMDEN,  NEW  JERSEY 


Rare  Gases  and  Mixture^] 


Airco  Rare  Gawis  *re  pure  and  free 
of  active  gases.  Mixtures  are  blended 
uniformly  and  geeafately.  They  are 
available  in  Igxd,  glass  or  pyrex 
containers.  j 

The  individi|gl  gases  as  well  as 
many  standard)  mixtures  are  avail¬ 
able  both  for  ^oduction  and  ex¬ 
perimental  usd^jSpecial  mixtures 
can  be  supplie^kg  meet  any  need. 


/ 


AIR  REDUCTION 

OonormI  Offk*;  AO  E.  4in4  ST.,  NEW  YORK.  N.  Y. 
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ITH  OUR  FEET  ON  THE  GROUND 

.  .  .  and  our  eyes  to  the  future 


meet  the  requirements  of  industry  after  the  war. 

•k  ir  -k  -k 

Illustrated  are  a  few  of  the  R.C.P.  instruments 
now  available.  Others  are  described  in  catalog 
material  available  on  request.  If  you  do  not  find 
among  these  the  instrument  for  your  specific 
needs,  our  engineers  will  be  glad  to  cooperate 
in  solving  your  instrumentation  problem. 


MODEL  662 


Today,  with  our  feet  firmly  planted  on  the  ground, 
we  are  producing  vital  electrical  and  electronic 
instruments  to  help  win  this  war.  But  we  also 
believe  that  the  time  to  plan  for  tomorrow  is 
today.  That  is  why  our  engineering  laboratories 
are  working  continuously,  developing  and  design¬ 
ing  instruments  that  will  not  only  keep  abreast 
of  war-accelerated  radio  demands,  but  will  also 


MODEL  see 


SIGNAL  GENERATOR 
MODEL  703 

.\  ilunly  tnt  oscllUtor  with  tk  range 
from  Iti  Kr  to  lUO  Mr.  PuniUmrntal 
trmurnrirt  in  5  hand!  rarlahir  (roni 
Kr  to  i5  Mr.  Haa  self  rontainrd 
400  ryrie  modulation  tourrr. 

VOLT-OHM-MILLIAM  METER 
MODEL  423 

\  multlteatrr  with  a  meter  movement 
>4  'i.see  ohma  per  volt.  Haa  a  uniform 
-t.C.-D.C.  voltmeter  aenaltlvlty  of  1,000 
ohma  per  volt.  Voltmeter  range  to  1.000 
volta.  All  multipllera  Individually 
niatrhad  to  I'i.  Suppreaaor  type  ropper 
valde  rertllter  uaed  oai  A.C.  readinga. 
VACUUM  TUBE  VOLTMETER 
MODEL  see 

llaaentlally  a  peak  voltmeter  for  arru- 
rate  meaaurementa  over  the  entire  a.f. 
range.  Kangea  are  O-S-S-SO- 1.50  volta. 
with  meter  movement  of  0-200  mlrro- 
amperea.  I'niform  Input  reaiatance  of 
10  megohma  for  all  rangea. 

ELECTRONIC 

VOLT-OHM-CAPACITY  METER 
MODEL  eS2 

\  true  vacuum  lube  voltmeter  for  A.C. 
and  U.C.,  combining  aenaltlvlty,  flei- 
iblltty  and  utility.  Six  range  O.C.  and 
•  range  A.C.  votlmelrr  to  0.000  volta. 
Senaltlvlty  16  megohma  on  loar  and  100 
megohma  on  high  rangea.  Ohmmeter 
range:  .1  ohm  to  l.ooo  megohma.  Ca- 
narltymeter  range  from  .0000.5  to  2.000 
nifd.  All  meaaurementa  are  direct  reading. 

ULTRA  SENSITIVE  MULTITESTER 
MODEL  401 

mulllteater  wrlth  a  aenaltlvlty  of 
20.000  ohma  per  volt  on  all  I).C.  meaa- 
iirementa.  I'aea  a  wide  arale  meter  with 
a  movement  of  30  mlrroamperea.  Read¬ 
inga  aa  low  aa  I  mirmampere  on  100 
mirmampere  arale.  Rlx  range  A  C.- 
li.C.  tidimeter  to  3.000  volta. 


ADIO  CITY  PRODUCTS  COMPANY,  INC 


127  WEST  26th  STREET 


NEW  YORK  CITY 


MANUFACTURERS  OF  PRECISION  ELECTRONIC  LIMIT  BRIDGES— VACUUM  TUBE  VOLTMETERS 
—  VOLT-OHM-MILLIAMMETERS  — SIGNAL  GENERATORS  —  ANALYZER  UNITS  — TUBE  TESTERS  — 
MULTI-TESTERS- OSCILLOSCOPES  — AND  SPECIAL  INSTRUMENTS  BUILT  TO  SPECIFICATIONS. 
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Photo 
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The  electronic  miracles  that  are  play¬ 
ing  so  important  a  part  in  the  war  to¬ 
day  were  actually  bom  yesterday.  It 
was  only  through  years  of  research  and 
experiment  by  companies  like  BELL 
that  they  grew  into  practical  realities. 
That  is  why  there  were  so  many  trained 
hands  here  at  Bell  Sound  Systems  — 
experienced  hands  ready  to  take  over 
the  new  jobs  that  came  with  the  war’s 
sudden  demands  for  all  of  the  things 
electronics  had  to  offer. 

Th  is  advanced  knowledge,  which  gave 
BELL  a  head  start  in  meeting  present- 
day  needs,  is  l)eing  multiplied  many 
times  over  as  a  result  of  Bell's  vastly 
expanded  production  of  electronic 
sound  equipment.  And  although  the 
nature  of  these  war-vital  electronic  de¬ 
vices  must  remain  secret  for  the  time 
being,  BELL  engineers  are  already 
thinking  in  terms  of  the  tremendous 
new  possibilities  they  hold  for  a  peace¬ 
time  world.  Naturally,  BELL  will  have 
an  even  greater  head  start  on  tomor¬ 
row's  electronic  miracles  than  they  had 
on  today’s. 

The  new  BELL  system  for 
INDUSTRIAL  VOICE  PAG- 
ING  AND  BROADCASTING, 
and  the  new  BELfone  inter¬ 
departmental  communication 
systems  are  available  now  for 
high-priority  requirements. 

^  rite  today  for  details! 


NEWS  OF  THE  INDUSTRYl 


New  Signal  Corps  radio  sets;  latest  FM 
log;  replacement  tubes  and  parts  for 
civilian  sets ;  technical  employment  infor¬ 
mation  from  the  FCC,  Navy  and  industry ; 
data  on  new  tubes;  radio  industry  per¬ 
sonnel  and  business  news ;  how  elec¬ 
tronics  aids  in  solving  heat-transfer  prob¬ 
lems;  new  television  station;  CBC  uses 
relay  transmitters  in  western  Canada 


Navy  Commissions  Still  Given 


Officers  trained  in  electrical  engi¬ 
neering  are  needed  by  the  Navy  for 
work  on  ultrahigh-frequency  elec¬ 
tronic  apparatus.  Men  with  elec¬ 
trical  engineering  degrees  and  ex¬ 
perience,  or  men  who  have  majored 
in  physics,  mathematics  or  other 
fields  dealing  with  a-c  circuits  and 
electronics  are  technically  quali¬ 
fied  for  commissions.  Those  ac¬ 
cepted  as  officers  are  given  a  three- 
month  Navy  u-h-f  course  either  at 
Harvard  or  at  Bowdoin  College,  fol¬ 
lowed  by  a  three-month  lab  course 
at  MIT.  Qualified  engineers  are 
urged  to  apply  for  a  commission  at 
the  nearest  office  of  Naval  Officer 
Procurement. 


New  Shortwave  Station  at  Rio 


With  equipment  built  and  installed 
by  RCA  Victor  Division,  a  new  50,- 
000-watt  shortwave  station  is  on 
the  air  at  Rio  de  Janeiro,  Brazil. 
Known  as  Radio  National,  it  broad¬ 
casts  nightly  to  North  America 
on  26.5  meters. 


Vital  War  Jobs  Await 
Retired  Skilled  W^orkers 


ice,  aimed  at  bringing  into  the  war 
effort  as  many  as  possible  of  the 
skilled  workers  who  are  in  retire¬ 
ment  or  in  a  non-essential  job.  One 
of  the  25  skills  specifically  chosen 
for  this  campaign  is  that  of  radio 
chassis  assembler. 

An  example  of  the  type  of  worker 
desired  is  Mrs.  D.  A.  Ausmus,  who 
twenty  years  ago  worked  as  labora¬ 
tory  assistant  in  the  original  radio 
department  of  G-E’s  research  lab. 
Marriage  brought  retirement  to  the 


BOOKBINDI 

(a)  Watarp 
inipr®9»o**‘ 
lums;  pyrox; 
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(b)  Starch  fl 
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bhesj  nalwt 
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SHADE  CLO 

(a)  Pyroxyli 
waterproof, 
iflcations;  oil 
print  ctoths, 

(b)  Stardi 
Holland  typ 
tints,  oil 
diodes;  ligh 


Inability  of  war  plants  to  locate 
specialists  for  key  jobs  has  held  up 
employment  of  many  thousands  of 
war  workers,  according  to  case  his¬ 
tories  in  the  files  of  the  War  Man¬ 
power  Commission.  In  one  case,  lack 
of  skilled  men  prevented  the  hiring 
of  3000  workers,  and  in  dozens  of 
other  cases  vital  military  orders 
were  held  up  because  of  critical 
shortages  of  machinists  and  ma¬ 
chine  operators. 

This  situation  prompted  WMC  to 
begin  a  nationwide  campaign 
through  the  U.  S.  Employment  Serv- 


PHOTO  CLI 

Photo  Mow 
tir>gla  and  i 


Above:  Photograph  taken  20  years  ago, 
showing  Mrs.  Ausmus  (then  Miss  Doris 
Evans)  running  tests  on  radio  equipment 
in  the  General  Electric  radio  research  lab 
Below:  Mrs.  Ausmus  at  her  workbench  in 
the  G-E  general  engineering  lab  today, 
carrying  out  experimental  work  again 
alter  almost  20  years  as  a  housewife 
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EI.ECl 


bookbinding  fabrics 

(a)  Waterproof,  full  coated, 
impreonated,  linoni  and  vel- 
|gm;  pyroxylin  and  other  syn* 
thetk  resin  coatings  and  lac¬ 
quer  finishes;  embossed,  plain 
finished,  contrast  printing. 

(b)  Starch  filled,  coated,  impregnated, 
mottled,  linen  and  vellum;  plain  or  em¬ 
bossed,  special  glazed  and  matte  fin¬ 
ishes;  natural,  rough  and  smooth 


■  SIGN,  LABEL  t  TAG  CLOTHS 

Waterproof  and  starch  filled. 
Designed  for  any  purpose,  for 
hand  lettering,  letterpress  print¬ 
ing,  offset  printing.  We  can 
design  a  surface  that  will  take  any  ink 
or  meet  any  inking  problem. 

RUBBER  SEPARATOR  CLOTHS 

Starch  filled  glazed  sheetings  and  base 
treated  starched  fabrks  for  water¬ 
proof  separator  doths. 


super 


WE  GLORIFY  AIV  MCIENT  ART 


As  We  Further  Develop  the  Afie  of  Cloth 

The  Stone  Age  and  other  ages  which  have  marked  progress  in  man’s 
advancement  have  come  and  gone.  A  few  persist.  Through  all  ages  one 
alone  holds  its  dominant  position.  Cloth  is  of  all  time,  from  the  earliest 
la  the  present.  Into  the  future  we  see  it  projected  as  the  structure  of  many 
modifications  serving  many  new  uses  —  alone,  or  in  combination  with 
plastics,  colors,  printings,  and  finishes.  We,  at  Holliston  Mills,  continue  to 
pioneer  in  the  development  of  doth  specialties  —  doth  finishes,  modified 
and  adapted  to  specific  uses. 


INSULATING  CLOTH  BASE 

Base  treated  and  stiffened  fabrics  for 
itssuloting  doths;  all  weights,  widths 
and  thicknesses. 

TRACING  &  BLUE  PRINT  CLOTHS 

White  and  blue  ink  or  pencil  doth; 
map  doth;  blue  print  doth,  thin  and 
regular,  all  widths. 

LINING  FABRICS 

Shoe  and  drapery  linings;  starch  filled, 
special  filled,  mercerized  aitd  shreiner 
finishes;  straight  backfilled  finish;  high 
lustre  finish,  all  colors  and  widths. 


SHADE  CLDTH 

(o)  Pyroxylin  or  resin  impregnated 
waterproof,  meeting  Government  spec¬ 
ifications;  all  weights,  widths  and  colors; 
print  doths,  sheetings  and  ducks. 

water  color,  and 


(b)  Stordi  filled, 

HoHond  type  shodes;  machine  oil,  oil 
tints,  oil  fMed  opaques;  fast  dyed  dude 
shades;  light-proof  and  translucent. 


RESEARCH  AND  DEVELOPMENT  —  cloth  has  a 
permanent  structure  combining  light  weight  with 
strength  and  flexibility.  On  or  within  this  structure  fill* 
ing,  coating  and  processing  fits  doth  for  many  uses. 
Consider  doth  —  consult  HOLLISTON.  In  general.  The 
Holliston  AAus  can  take  any  type  of  print  doth, 
sheeting,  drill,  twill,  duck,  in  widths  from  30*^  to  SO", 
and  can  dye;  coat  with  every  type  of  coating,  in  any 
color  desired;  can  stiffen  fabrics  to  meet  any  required 
pliability,  hand,  bond,  weight  of  coating,  tensile 
strength,  Elmendorf  tear  strength,  for  any  industrial  use. 


PHOTO  CLOTH 

Fholo  Mounting  doth  (s«lf  adhosiv*), 
lingl*  and  doubl*  adhosiv*. 


REINFORCING  FABRICS 

All  typos  of  wotorproof  and  starch- 
flllsd  roinforcing  fabrics  and  industrial 
Cambria,  for  books,  fUo  foldon,  fllo 
podiats,  box  stays;  to  b«  combinod, 
gur~-d  ond  plain.  Various  weights 
from  the  thinnest  print  doth  to  the 
hsaviesi  drills  and  twills. 


COATED  AND  IMPREGNATED 
FABRICS 

All  widths  and  colors;  synthetic  resin, 
nitro  cellulose,  thermo  plostk  and 
thermo  setting  coatings;  mildew  proof¬ 
ing;  fire,  weather  and  water  resbtant 
finishes;  gas  impermeable  finishes,  etc, 
for  war  and  industrial  purposes. 


BOOK  CLOTHS  Holliston  cloths  for  bookbindi 


ling  are  world  famous  and  the  line  In¬ 
cludes  a  great  variety  of  colors  and  finishes.  Starch  filled.  Pyroxylin  filled  or  coated.  Special 
embossings.  Any  book  or  catalog  bound  in  cloth  is  bound  to  be  kept.  Consider  cloth  binding 
for  your  business  literature.  Costs  but  a  little  more  than  paper.  For  attention  and  retention 
value  cloth  binding  stands  alone.  Lesser  bindings  discount  content  value.  Write  for  samples 
of  Holliston  Bindings.  Make  your  new  catalog  a  cloth  bound  booL 


MILLS 


CONVERTING  CLOTHS  TO  GREATER^;  USE  FIELDS 

NORWOOD,  .MASSACHUSETTS 

'  Sales  Agents  in  Principal  Cjti~(jjs.  ,  t 
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STANDARD  molding 

CORPORATION,  Dayton,  Ohio 

J  00%  INJECTION  MOLDING 


duties  of  a  housewife.  When  he; 
husband,  Col.  Delbert  Ausmus,  waj 
reported  as  missinpr  on  Corre?idor 
and  was  presumed  to  be  captured 
she  offered  her  services  once  agaij 
to  General  Electric.  Mrs.  Ausmus 
is  now  using  her  scientific  experi- 
ence  in  carrying  out  experimenta! 
work  on  new  measuring  devices. 

In  order  that  workers  respond 
ing  to  this  campaign  can  be  re¬ 
ferred  to  specific  jobs  without  de 
lay,  WMC  urges  holders  of  war 
contracts  to  make  their  8<illed 
worker  requirements  known  inimed: 
ately  to  the  nearest  local  U.  S.  Eir. 
ployment  Service  office. 


THERMO  PLASTIC  MOLDING 
Speeds  War  Production 


This  piece  of  pltimbing  hardware,  formerly 
made  of  metal,  is  now  produced  by  plastic, 
relieving  critical  material  to  help  the  war 
effort  These  two,  3-hole  pieces,  were  pro¬ 
duced  in  our  shop  with  one  injection.  Our 
young,  but  skilled  engineers  will  gladly  dis¬ 
cuss  with  you,  your  problems  upon  inquiry. 


Separation  Process  Found 
For  Tin-Tungsten  Ores 

Great  amounts  of  almost  pure  tir 
and  tungsten  are  being  recoverfei 
from  otherwise  worthless  tailinp 
and  complex  tinny  wolfram  ores 
with  a  long-sought  separation  pro 
cess  developed  by  the  Foote  Min 
eral  Co.  of  Philadelphia  in  cooper 
ation  with  Brazilian  mine  operator? 

militan 


Although  details  are 
secret,  the  general  treatment  ii 
volves  rolling  and  crushing  tb? 
mixed  ore,  then  passing  it  throu^ 
a  series  of  machines  which  break 
the  physical  bond  holding  particlf 
of  tin  and  tungsten  together.  Th 
ores  can  then  be  separated  and  t  ■ 
impurities  removed.  The  ent;  j 
process  recovers  97  percent  of  tr 
tin  and  tungsten. 


HESE  widely  used  Resistors  ere  favored 


RCA  Will  Pay  Girls  to  Study 
Electronics  at  Purdue 

From  80  to  100  girls  between 
ages  of  18  and  22  will  be  seUcte: 
from  RCA  plants  and  from  colle^rr 
and  universities  to  take  a  specia! 
electronic  training  course  at  Purd  :^ 
University  as  employees  in  trainir: 
Those  chosen  will  be  paid  a  salary : 
addition  to  all  university  expenstf 
and  will  live  on  the  Purdue  campa 
The  curriculum  provides  for  t' 
terms  of  22  weeks  each,  with  i  las'ci 
starting  around  May  1.  Basic  rr 
quirements  are  two  years  of  i  dlep 
study  with  satisfactory  grades,  .'Cit 
competence  in  mathematics,  pa 
health,  and  an  interest  in  technlii 
radio  work.  Those  completing  tr 
training  will  be  qualified  for  i- 
mediate  assignment  on  test  ar 
quality  control  work  on  RCA  ele 
tronic,  sound,  and  radio  equipm^r 


because  of  their  noiseless  operation 
and  durability  and  because  they  retain 
their  values  and  characteristics  under 
extremes  of  temperature,  humidity  and 
climatic  changes. 

STANDARD  RANGE 

1000  ohms  to  10  megohms. 

NOISE  TESTED 

At  slight  additional  cost,  resistors  in 
the  Standard  Range  are  supplied  with 
each  resistor  noise  tested  to  the  follow¬ 
ing  standard:  "For  the  eomplot*  avdio 
frcqacRcy  rang*,  resistors  shall  hav* 
lass  noise  than  corresponds  to  o 
change  of  resistance  of  1  port  in 
1. 000.000." 

HIGH  VALUES 

15  megohms  to  1,000,000 
megohms. 


>f  manufa 


type  65X  ll 

^♦'’•'■tl.eTwr  vol-«  » 
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The  S.  S.  White  Dental  Mig.  Co. 

INDUSTRIAL  DIVISION 

Department  R,  10  East  40th  8t.,  New  York,  N.  Y. 


ELECTRONIt 


J 


Lever  Keys,  too. 
Can  be  "Custom- 
Built  ”  by  CLARE 


.  •  •  and  so,  too,  can  Push  and  Turn  Keys 


"•'X-  Lever  Key  illustrated  is  another  example  of  Qare 
custom-building”  to  meet  requirements.  Its  frame 
designed  to  hold  all  parts  together  by  their  inter- 
K  -  g  shapes,  then  welded  to  make  virtually  a  "one 
:d  piece  frame,”  to  provide  maximum  rigidity. 

:  c  cam  assembly  is  also  unique  because  at  the  time 
:  manufacture,  or  at  any  future  time,  stops  may  be 
f r.  vided,  added  or  removed  to  change  the  key  from 
’ g  to  non-locking  or  vice  versa.  Or  it  may  be 
I  ged  from  one-way  to  two-way,  or  vice  versa. 

Tin  same  careful  design  and  construction  are  typical 
i  0!  the  Push  Key  and  Turn  Key  also  illustrated  above. 

Ii;  every  feature  of  design,  these  keys  possess  all  the 
:  struction  and  design  features  which  make  Qare 
kiiays  outstanding  in  performance.  Some  of  these 
t'  1  es  are  listed  at  the  right.  Our  engineers  will  be 

f  *  to  "custom-build”  keys  to  fit  your  requirements. 

rite  us  regarding  them.  Ask  for  the  Qare  catalog 
l"d  data  book.  C.  P.  Qare  and  Company,  4719 
jS  yside  Ave.,  Chicago,  Ill.  Sales  engineers  in 
»'!  principal  cities.  Cable  Address:  "CLARELAY.” 


•  Contact  springs  are  made  of  nickel  silver 
to  exacting  specifications. 

•  Flat  or  hemispherical  contacts  of  either 
rare  metals  or  special  alloys  are  "over  all” 
welded  to  contact  springs  by  a  special 
process  which  makes  them  an  integral  part 
of  the  springs,  thereby  reducing  contact  re¬ 
sistance  to  a  minimum  and  providing  for 
rapid  heat  dissipation. 

•  Contacts  available  and  their  current  rat¬ 
ings  are  as  follows: 

Contact  Ratings:  110  Volt,  60  Cycio, 

A.  C.  Non-Inductivo 

Code  No.  1  1  Amp.  50  Watts 

Code  No.  2 . 2  Amp.  125  Watts 

Code  No.  4 . 3  Amp.  150  Watts 

Code  No.  5 . 4  Amp.  175  Watts 

Code  No.  7 . 4  Amp.  175  Watts 

•  Insulation  between  springs  and  between 
springs  and  frame  may  be  either  single, 
double  or  special.  Single  insulation  will 
stand  a  500  volt  a.c.  test,  double  insula¬ 
tion  a  1000  volt  a.c.  test,  and  special  in¬ 
sulation  a  1500  volt  a.c.  test.  These  spring 
insulators  are  made  from  special  heat- 
treated  Bakelite  that  permits  punching 
without  ctacks  or  checks  and  possesses 
minimum  cold  flow  and  low  moisture  ab¬ 
sorption  properties. 


•  Contact  forms  may  consist  of  any  one  of 
the  five  forms  shown  below,  or  of  any  com¬ 
bination  of  those  forms. 

•  The  Lever  Key 
may  incorporate 
as  many  as  40 
springs,  whereas 
the  maximum 
number  of  springs 
that  may  be  had 
on  the  Push  and 
Turn  Keys  is  20. 

•  Spring  bushings 
of  Bakelite  are  de- 
signed  under  a 
special  secret  pro- 
cess  providing 
long  wearing  fea- 
tures. 

•  The  Lever  Key 

handle  is  made  of  catalin,  in  either  polished 
black,  red  or  white.  Push  Key  buttons  and 
Turn  Key  knobs  are  of  Bakelite,  in  black  only. 

•  The  Lever  Key  escutcheon  is  made  of 
Bakelite  and  is  held  to  the  key  frame  by 
four  oval  head  No.  3-48  screws;  keys  may 
be  furnished  with  or  without  escutcheon, 
depending  upon  the  ty  pe  of  mounting  to 
be  used. 


FOI'V  0  ■ 


CLARE  RELAYS 

VCustom-Built”  Multiple  Contact  Relays  for  Electrical,  Electronic  and  Industrial  Use 
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Manufacturers  of  Communication  Equipment 
Sim  1918 

REMLER  COMPANY,  Ltd.  •  2101  Bryant  St.  •  San  Francisco,  Calif 


FM  Log  Has  Over  50  Statioiu 

FM  BROADCASTING  enters  1943  vitj 
36  stations  throughout  the  coun= 
try  operating  from  6  to  24  hours 
a  day  on  a  regular  commercia 
basis,  nine  other  stations  operating 
with  experimental  transmitters,  aiir 
at  least  seven  more  operating  as  non- 
commercial  educational  stations. 

Call  letters  of  regular  f-m  sta. 
tions  contain  numbers  from  31  to  9? 
which  represent  the  last  two  fi  ures 
of  the  frequency  assignment  in  the 
f-m  band  covering  43.1  Me  to  49.s 
Me.  The  first  letter  indicates 
whether  the  station  is  east  (W)  or 
west  (K)  of  the  Mississippi  river 
just  as  for  regular  broadcast  sta 
tions,  and  the  last  letters  are  the 
initials  of  the  location  whenever 
possible.  Thus,  W65H  is  in  Han¬ 
ford,  Conn.,  and  has  an  assigned 


TUNED  JOk  BATTLE 

Advanced  developments  by  for  critical 

WAR  EQUIPMENT  today  means  better  communi¬ 
cations  for  your  peacetime  needs  tomorrow. 


COMMERCIAL  FM  STATIONS 
W45BR  Baton  Rou^,  La. 

W49BN  Binghamton,  N.  Y. 

W4.‘)B  Boston,  Maas. 

W67R  Boston,  Maas. 

W51C  Chicaito,  HI. 

W59C  Chicafio.  HI. 

W67C  Chicago.  HI. 

W75C  Chicago,  lU. 

W41MM  Clingman*8  Peak,  N.C. 

W4SCM  Columbua.  Ohio 
W45D  Detroit,  Mich. 

W49D  Detroit,  Mi^. 

W45V  Evanaville,  Ind. 

W49FW  Fort  Wayne,  Ind. 

W33H  Hartford,  Omn. 

W65H  Hartford,  Ck>nn. 

K49KC  Kansas  City,  Mo. 

K43LA  Los  Angeles,  Calif. 

W55M  Milwauee,  Wis. 

W39B  Mount  Washington,  N.H. 
W47NV  Nashville,  Tenn. 

W47NY  New  York  City 
W63NY  New  York  City 
W67NY  New  York  City 
W71NY  New  York  City 
W75NY  New  York  City 
W49PH  Philadelphia,  Pa. 

W33PH  Philadelphia,  Pa. 

WS7PH  Philadelphia,  Pa. 

W69PH  Philadelphia,  Pa. 

W73PH  Philadelphia.  Pa. 

W47P  l*ittsbiirgh.  Pa. 

W75P  Pittsburgh,  Pa. 

W51R  Rochester.  N.  Y. 

W47A  Schenectady,  N.  Y. 

W8SA  Schenectady,  N.  Y. 

EXPERIMENTAL  FM  STATIONS 

WIXTG  Worcester,  Mass.  43.4  me 
WlXSN  Springfield,  Mass.  42.6  me 
W2XMN  Alpine,  N.  J.  42.8  me 
W2XQR  New  York  City  45.9  me 
W2XWG  New  York  City  45.1  me 
W3XO  Washington,  D.C.  43.2  me 
W8XAD  Rochester,  N.Y.  42.6  me 
W9XER  Kansas  City,  Mo.  46.5  me 
W9XYH  Superior,  Wis.  43.0  me 

EDUCATIONAL  FM  STATIONS 

KALW  San  Francisoo  Schools 
KSDS  San  Diego  Sthoob 
WBEiZ  Chicago  Ihiblic  Schoob 
WBOE  Cleveland  Board  of  Education 

WIUC  University  of  lUinoib 

WMBE  Memphb  Public  Schoob 
WNYE  New  York  City  Board  of|Edurati 


To  Assure  Victory 
Buy  More  U.  S.  War 
Bonds  and  Stamps 


Builders  oj  Precision  Radio  Communications  Equipment 

7421  S,  Loomis  Blvd.,  Chicago,  U.  S.  A. 


Connectors 


ARMY 

SIGNAL  CORPS 
SPECIFICATIONS 


Quantity  Pricas  Quotad 
on  rocoipt  of  Dolivory 
Schedules 


ELECTROMi 


MIlLIAMPERtS 


TEP  FORWARD 


Every  time  our  fighting  men  win  a  new 
beach  head  .  .  .  every  time  an  enemy 
plane  falls  from  the  sky  .  .  .  every  time 
the  sun  sets  on  a  war-torn  world  .  .  . 
America  is  that  much  closer  to  Victory. 

No  man  can  know  how  many  days 
there  are  between  us  and  peace.  We  can 
only  do  our  best  to  make  those  days  as 
few  as  possible. 

Hard  work  is  what  it  takes  —  good 
old-fashioned  hard  work,  and  sweat,  to 
save  us  blood  and  tears.  Here  at  Simpson 

I 

'  we  hold  this  as  a  sacred  trust  —  to  send 
ever  more  and  better  Simpson  Instru¬ 
ments  into  battle,  and  to  make  each 
working  hour  a  big  step  forward  toward 
America’s  inevitable  Victory. 

SIMPSON  ELECTRIC  CO. 

5200*5218  Kinzie  Street,  Chicago,  Illinois 


IBuy  War  Bonds  and  p  Stamps  for  Victory 
il  KCTRONICS  — /I/>ri7  1943 


179 


I  N 


PERMOPIVOTS 

LONG  LIFE  PRECISION  PIVOTS 


FCC  Announces  New  Posiiiot 
as  Radio  Intercept  Officer 

Interception  of  radio  messages  i 
insure  compliance  with  radio  silent 
orders  of  the  Army  Air  Force  ; 
one  of  the  duties  connected  wit; 
the  newly  announced  FCC  po> 
tion  of  Radio  Intercept  Otfice: 
Other  duties  involve  maintaining; 
continuous  watch  on  distress  char 
nels  and  carrying  out  monitorir., 
assignments  related  to  the  wa 
effort.' 

No  written  tests  are  required,  ar 
the  only  age  qualification  is  tb 
the  applicant  must  have  reacht 
18.  Positions  are  available  througt 
out  the  United  States.  Qualifia 
tions  for  the  $2600  grade  are  eith-: 
a  full  four-year  college  course 
electrical  engineering  or  physic 
four  years  of  technical  experie; 
in  radio,  or  a  time-equivalent  cor 
bination  of  education  and  exp^r 
ence.  For  the  $2000-a-year  giiio 
less  education  and  experience  ar 
required.  Ability  to  send  and  r 
ceive  code  is  essential  for  in 
grades.  Overtime  pay  for  eigr 
additional  hours  a  week  increase; 
the  above  salary  figures  about 
percent.  Application  forms  can  ’■ 
obtained,  from  most  post  offices 
from  Civil  Service  offices. 


/Inch 

Cathode  Ray 
Oscillograph 

>13950 


J-he  7"  tube  off  era  larger,  brighter  patterna  tcith  fine  line 
trace  and  clean  /ocuaing  to  the  very  edgea  of  the  acreen.  In  addi¬ 
tion,  this  instrument  provides  all  the  features  of  the  ordinary  five  inch 
oscillograph!  A  moderate  quantity  in  stock  for  immediate  shipment. 

Lafayette  carries  complete  stocks  of  nationally  advertised  radio, 
sound  and  electronic  parts  .  .  .  quick  deliveries  from  two  big  warehouses! 

FREE  — 130  page  illustrated  catalog  contains  thousands  of  radio, 
sound  and  electronic  items  —  indexed  for  quick  reference.  Write  today 
to  Department  4G3.  •  901  West  Jackson  Boulevard,  Chicago,  111. 


901  W.  JACKSON  BLVD.,  CHICAGO,  ILL.  •  265  PEACHTREE  ST.,  ATLANTA,  GA. 


WHERE  PRECISION  IHSTRIHIEITS  MOST 
"ROIGN  IT'  TOO  CftI  DEPEND"  IPOH 


Infrared  Rays  Dehydrate  Fud 

The  use  op  infrared  radiation  ini 
vacuum  chamber  to  dehydrate  i  : 
pletely  cooked  dishes  like  aoup 
puddings  and  pork-and-beans  is  ' 
subject  of  U.  S.  patent  No.  2;?'' 
601,  issued  to  J.  G.  W.  Gentele 
Stockholm.  The  infrared  rays  ma' 
tain  the  food  at  a  temperature  at  ' 
the  boiling  point  of  water  until  ' 
greater  part  of  the  contained  mo 
ture  is  driven  out. 


Heat-Transfer  Problems 
Solved  With  Roomful  of 
R-C  Networks 
Almost  Any  Practical  Problem 
heat  flow  can  be  duplicated  eh  itr: 
ally  by  Dr.  Victor  Paschkis  on  t 
Heat  and  Mass  Flow  Analyzer  wh’ 
he  developed  at  Columbia  Univers! 
in  New  York  City.  The  results  a: 
read  on  meters  or  recorder  char 
without  the  usual  expenses  for  bui 
ing  sample  structures  and  runni 
long  heat  tests.  The  procedure,  tir 
proposed  in  Holland  by  C.  L.  Beukir; 
is  based  upon  the  similarity  betwt 


PERMOPWOTS*  are  tipped  with  PERMOMETAL* ...  a  special  alloy  of  precious  metals 
developed  in  Permo's  own  metallurgical  laboratories.  Permopivols  are  remarkably 
wear  resistant.  They  keep  precision  instruments  accurate  Icmger.  Permopivols  can¬ 
not  rust  or  corrode.  The  satin«mooth  Permo  metal  tip  eliminates  abrading  particles  of 
wear.  The  extremely  low  coefficient  of  friction  with  Permopivols  often  makes  it  pos¬ 
sible  to  eliminate  the  use  of  oU.  iTmi,  Mok  x««. 


PERMO  PRODUCTS  CORPORATION 


ELECTRON!' 


f 


CO.,  INC. 

476  BROADWAY,  NEW  YORK,  N.  Y. 

MANUFACTURERS  OF  SHORT  WAVE* 
TELEVISION  •  RADIO  •  SOUND  EQUIPMENT 


When  you  specify  DOLPH’S  In¬ 
sulating  Varnishes  you  get  quality  prod¬ 
ucts.  This  is  backed  %  33  years  of 
specialization  in  the  field  of  electrical 
insulating  varnishes  together  with  the 
absolute  control  of  raw  materials  and 
plant  production.  Nothing  with  DOLPH 
is  left  to  chance. 

All  shipments  of  raw  materials 
are  checked  carefully  and  only  those 
which  meet  the  highest  standard  of 
quality  are  accepted. 

Further,  the  DOLPH  Laboratories 
double  check  the  production  of  the  plant. 
Samples  are  taken  from  every  batch  of  var¬ 
nish  and  are  tested  to  see  that  they  conform 
in  every  way  with  predetermined  character¬ 
istics  of  the  varnish. 

As  a  final  check,  varnish  coated  paper 
strips  and  cups  of  varnish  are  baked.  These 
are  checked  to  see  that  they  conform  in 
build  up,  dielectric  strength  and  possess  the 
maximum  acid,  alkali,  moisture  and  oil 
resistance. 

The  thoroughness  of  the  DOLPH  Lab¬ 
oratories  is  your  assurance  of  the  highest 
quality  electrical  insulating  varnishes.  Next 
time  specify  DOLPH  S. 


JOHN  C.  DOLPH  COMPANY 

^  Intolahng  Vornnh  Specio/isft 

168*A  Emmet  St.,  Newark,  New  Jersey 
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the  flow  of  electricity  in  a  resist¬ 
ance-capacitance  circuit  and  the  tran¬ 
sient  heat  flow  through  walls  or 
other  structures.  Temperature  cor¬ 
responds  to  voltage,  and  heat  flow 
per  unit  time  corresponds  to  cur¬ 
rent. 

In  utilizing  this  analogy,  the 
structure  to  be  studied  is  considered 
to  be  cut  into  a  number  of  sections, 
over  100  sections  being  possible 
with  the  present  apparatus.  For 
each  section,  the  capacitance  corre¬ 
sponding  to  the  thermal  capacity  and 
the  resistance  commensurate  with  the 
thermal  conductivity  are  computed. 
The  resulting  electrical  values  are 
then  set  up  in  the  apparatus,  and  a 
direct  voltage  is  applied.  If  the 
temperature  applied  to  the  structure 
varies  under  actual  conditions,  the 
applied  voltage  is  likewise  varied 
during  the  test. 

Current  flowing  through  the  en¬ 
tire  circuit  along  resistive  paths 
corresponds  to  transmitted  heat,  and 
current  flowing  into  capacitors  cor¬ 
responds  to  heat  being  stored  within 
the  structure  during  the  initial  un¬ 
steady  state. 

Voltage  values  during  the  test 
run  are  measured  at  carefully  se¬ 
lected  points  with  specially-de¬ 
veloped  electronic  voltmeters  draw¬ 
ing  practically  no  current,  and  these 
values  are  interpreted  in  terms  of 
temperature.  Two  electronic  re¬ 
corders  are  used  to  provide  continu¬ 
ous  records  on  charts  of  voltages  at 
four  selected  points  which  may  be 
of  particular  interest. 

By  appropriate  choice  of  electrical 
I  values,  the  time  of  a  heat  cycle 
I  can  be  condensed  or  stretched  as  de¬ 
sired.  Thus,  a  heat  cycle  of  24 
I  hours  in  a  furnace  can  be  condensed 
!  to  last  only  15  minutes  in  the  model, 
or  a  fractional-second  cycle  during 
w'elding  operations  can  be  stretched 
to  several  minutes.  Cooling  condi¬ 
tions  are  studied  by  applying  a  volt¬ 
age  for  a  definite  time,  then  remov- 
!  ing  the  voltage  and  measuring  volt- 
I  age  drops  across  circuit  resistors 
I  as  the  capacitors  discharge. 
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Stratosph 


.Aircraft  instruments,  radio 
receivers,  transmitters,  batteries, 
wire,  metals  and  various  devices 
are  thorouizhly  tested  under  pre¬ 
determined  levels  of  temperature 
and  pressure  with  KOLD-HOLD 
Stratospheres.  There  is  no  need 
to  wait  for  “natural”  .stratosphere 
conditions  .  .  .  produce  them  at 
will  in  your  own  plant.  .Available 
in  six  variations  of  model  shown, 
and  in  larger  sized  units.  Send  for 
complete  details  and  new'  Catalog 
No.  431. 


Kall-brarinir  sns- 
pe  union  and 
anidf  -  arm  make 
doom  eiiKy  to  op¬ 
erate  and  keep 
in  iierfeet  align¬ 
ment. 


Cold -Liner  In¬ 
terior  of  KOLD- 
H  O  1.  II  Stnito- 
npliere,  Hliowlnr 
niKiced.  heiivy- 
d  u  t  y  e<iii>>true- 
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Description  of  Apparatus 


New  York  —  «54  W.  Sint  St.  —  PE  6-11*1 
ChUiiKo  —  SOI  N.  W'elln  —  R.VX  3»Rti 
I.OK  Aiiaelen —  101.1  W.  Slid  St.  —  MI  4989 

l‘iiiludelpliiii — S4I4  Clover  Lane  — 

Cpper  Darby  —  SllErwiMHl  06!2 


The  apparatus  has  15  condenser 
sections  and  115  resistors  sections 
filling  three  w'alls  of  the  room 
wdth  sufficient  resistors,  capacitors 
and  plug-board  connections  to  du¬ 
plicate  electrically  one  section  of  the 
heat  -  transfer  structure  being 
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studied.  It  is  possible  to  secure  in 
each  bank  a  capacity  anywhere 
between  0.1  and  152  ftf  in  steps 
of  0.1  lif.  All  condensers  have  an 
accui  aey  of  1  percent  or  better,  and 
a  leakage  resistance  higher  than 
15^000  megohms  per  microfarad. 
Selector  switches  and  jacks  provide 
resistance  values  ranging  from  100 
ohms  to  1,111,000  ohms  for  each 
section.  Thirty-six  buses  run  at  the 
tops  of  the  sections,  to  simplify 
connecting  instruments  to  sections. 
The  arrangement  is  such  as  to  per¬ 
mit  changing  the  values  during  an 
experiment  to  duplicate  changes  in 
thermal  conductivity  and  thermal 
capacity  with  temperature.  A  motor- 
driven  sequence  timer  has  been  con¬ 
structed  to  imitate  complex  processes 
requiring  considerable  switching. 

The  applied  d-c  voltage  is  obtained 
from  a  110- volt  a-c  power  pack  pro¬ 
viding  a  constant  output  voltage  at 
any  desired  value  from  286  volts 
down  to  zero.  An  electronic  con¬ 
stant-current  source  is  used  when 
it  is  necessary  to  duplicate  the  con¬ 
dition  of  constant  heat  input  with 
varying  input  temperature. 

The  facilities  of  the  Heat  and 
Mass  Flow  Analyzer  at  Columbia 
University  are  available  to  manu¬ 
facturers  for  technical  investiga¬ 
tions  on  heat  flow  in  solid  materials, 
however  complex  the  shape  and  how¬ 
ever  irregular  the  heating  cycle. 
Dr.  Paschkis  is  in  charge  of  the 
technical  and  scientific  work  of  the 
laboratory,  and  Prof.  C.  F.  Kayan, 
as  Executive  Secretary,  is  responsi¬ 
ble  for  its  administration. 

Investigations  already  carried  out 
with  th  eapparatus  include  studies  of 
thermal  phenomena  in  the  wheel  and 
brakeshoe  of  an  express  train  loco¬ 
motive  during  emergency  braking, 
temperature  distribution  and  heat 
losses  in  intermittently  operated 
furnace  walls,  summer  cooling  load 
and  heat  absorption  of  building  walls 
under  solar  radiation,  heat  loss  in 
intermittently  heated  steam  pipe  in¬ 
sulation  cooling  rates  in  arc  welding, 
and  permissible  loading  of  intermit¬ 
tently  operated  underground  cables. 


Stuiidards  are  Released 
for  Home  Radio  Parts 

SlMPLIHED  STANDARDS  for  “War 
Model”  home  radio  replacement 
parts  have  been  prepared  by  the 
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SHALLCROSS  rotary  tap  switches 

USE  SOLID  SILVER  CONTACTS, 
BECAUSE  SOLID  SILVER... 

1*  Has  the  highest  conductivity  of  materials  available. 

2*  Is  superior  to  silver-plating  which  wears  ofF,  re¬ 
sulting  in  high  resistance  contacts. 

3*  Should  it  corrode  the  sulphide  formed  does  not 
appreciably  increase  the  contact  resistance. 

Let  Shallcross  answer  your  switch  problems 
Address  Dept,  C3 


WHY  "SHORTING"  AND  "NON-SHORTING' 
SWITCHES? 


This  is  ths  shorting  typo.  As  Ihs  arm  ^ 
is  rotcrtsd  from  on#  position  to  on- 
othsr  ths  aci|acsnl  contact  poiitts  ars 
"shortsd"  (bridgsd). 


^  This  is  ths  non-shorting  lyps.  As  ths 
arm  is  rotatsd  from  ons  position  to 
anothsr,  ths  arm  iifts  up,  and  only 
ons  contact  Is  touchsd  at  a  tims. 


ACCURATE  RESISTORS-SWITCHES-SPECIAl  EQUIPMENT  AND 
SPECIAL  MEASURING  APPARATUS  FOR  PRODUCTION  AND 
ROUTINE  TESTING  OF  ELECTRICAL  EQUIPMENT  ON  MILITARY  AIR¬ 
CRAFT.  . . SHIPS . . .  VEHICLES . . . ARMAMENT. ..AND  WEAPONS 


HALLCROSS  MFG.  CO. 

COLLINGDALE,  PENNA. 


Knurling  of  Sock- 
•t  Scrowt  oriq- 
inatad  with  "Un- 
brako"  yaart  ago. 


Whan  the  "Unbrako"  (tcraw)  is  tightened  as  usual,  the 
knurled  point  digs  in  ,  prevents  vibration  from  working 
it  loose.  It's  easily  removed  and  can  be  used  over  and 
over.  So  play  safe.  Order  "Unbrako"  Self-Lockers. 

Sixes:  No.  4  to  V/s”  diameter 


WRITE  FOR 
“UNBRAKO” 
CATALOQ 


■OSTON  •  OETIOIT  • 


JENKINTOWN,  PCNNA 

- MMCHES - 

INPItNSPOUS  •  CHICiaO 


ROX  596 


ST.  loeit  •  t«H  FMNCIteO 


.  .  .  an  axclusive  safety  feature  of — 

SELF-LOCKING 


Rec.  U.  8.  Pst.  Off. 


HOUOW  SET  SCREWS 


IDEAS  WANTED 

for  Peace-time  Products 


•  If  you  have  an  idea  for  an  electronic  or  radio 
product  which  can  be  placed  cm  the  market  after 
the  war  is  ovm*,  ice  want  to  hear  from  you. 

Today  our  factory  is  busily  engaged  in  making 
communications  devices  for  America’s  armed 
forces.  But  we  are  looking  forward  to  the  time 
when  the  world  will  again  be  at  peace  and  will 
be  in  a  position  to  buy  a  larger  number  of 
products  than  ever  before.  We  believe  that  now 
is  the  time  to  get  busy  on  post-war  planning — 
and  we  invite  you  to  come  along  with  us. 

We  will  pay  a  good  price  for  worth  while 
ideas  on  new  products  and  developments.  Please 
tell  us  what  you  have  in  mind.  Send  your  letter 
to  Max  L.  Haas,  President,  Bud  Radio,  Inc.,  2118 
East  55th  St.,  Cleveland,  Ohio. 


UUP 


BUD  RADIO,  INC. 

CLEVELAND,  OHIO 


American  Standards  Association  in 
cooperation  with  OPA  and  WPB,  and 
production  of  these  parts  is  sciied- 
uled  by  manufacturers  to  stan  in 
April.  The  parts  will  be  coveret  by 
price  ceilings,  will  be  constructec*  ac¬ 
cording  to  ASA  performance  and 
quality  standards  requiring  mini¬ 
mum  use  of  strategic  materials,  and 
will  carry  no  private  brand  name.^.  A 
special  symbol  consisting  of  the  let¬ 
ter  V  above  the  Morse  Code  V  inside 
a  circle  will  appear  on  all  parts. 

The  list  of  replacement  parts  con¬ 
stitutes  a  radical  reduction  from  the 
thousands  of  different  types  of  each 
item  made  before  the  war.  The  ASA 
list  contains  but  nine  paper  capaci¬ 
tors  ranging  from  0.00025  to  0.25 
/if,  all  with  a  d-c  working  voltage  of 
600  volts.  Dry  electrolytic  capacitors 
are  reduced  to  seven  single  units  and 
two  dual  units,  in  various  voltage 
ratings.  There  are  eleven  volume 
control  values,  six  power  transform¬ 
ers,  two  chokes,  two  interstage  audio 
transformers,  one  driver  audio  trans¬ 
former,  and  three  output  audio 
transformers. 

Detailed  data  on  “War  Model” 
parts  is  given  in  the  following  three 
American  War  Standard  bulletins: 
C16.8-1943 — Simplified  List  of  Home 
Radio  Replacement  Parts;  C16.fr- 
1943 — Fixed  Paper-Dielectric  Capac¬ 
itors  (manufacturing  specifications 
for  home  receiver  replacement 
types)  ;  C16.7-1943 — Dry  Electro¬ 
lytic  Capacitors  (manufacturing 
specifications).  These  are  available 
at  20  cents  each  from  American 
Standards  Association,  29  West  39th 
St.,  New  York  City. 

New  Signal  Corps  Radio  Sets 

A  COMBINATION  WEATHER  AND  RADIO 
station  no  larger  than  a  steamer 
trunk  is  one  of  many  Signal  Corps 
radio  developments  shown  to  news¬ 
men  at  Fort  Monmouth  recently  by 
Major  General  Dawson  Olmstead, 
Chief  Signal  Officer.  The  unit  can 
be  buried  on  a  hostile  shore  where 
weather  observers  could  not  stay, 
and  will  transmit  reports  every  few 
hours  on  temperature,  humidity  and 
barometric  pressure.  Batteries  pro¬ 
vide  tw’o  to  three  months  of 
operation. 

A  combination  transmitter-receiver 
weighing  only  5i  pounds  with  bat¬ 
teries  is  now  being  furnished  to 
parachutists  by  the  Signal  Corp.s  so 
they  can  talk  to  each  other  while 
descending  or  after  landing. 
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Another  new  Signal  Corps  radio 
;et  is  designed  to  be  attached  to  a 
larachute  for  the  purpose  of  bring- 
ng  aid  to  aircraft  personnel  in  dis- 
ress.  It  weighs  23  pounds,  is 
iowcred  by  a  hand-cranked  genera- 
[or,  and  is  modulated  by  a  code  SOS 
signal  recorded  on  a  disc  inside, 
rhe  unit  is  sealed  to  the  distress 
frequency  to  which  all  receiving 
stations  with  direction  finders  will 
listen  the  instant  an  airplane  is  re¬ 
ported  as  missing.  Operation  of  the 
set  requires  no  knowledge  of  radio 
[ode  or  theory.  The  normal  coverage 
is  25  miles,  but  the  signals  can  be 
received  500  miles  away  on  favor¬ 
able  nights. 


Duplication  of  Telephones 
In  Philadelphia  To  Be  Ended 

Tentative  FCC  approval  of  absorp¬ 
tion  of  properties  of  the  Keystone 
Telephone  System  by  the  Bell  Tele¬ 
phone  Co.  of  Pa.  and  the  New  Jersey 
Bell  Telephone  Co.  paves  the  way  for 
elimination  of  the  last  major  com¬ 
petitive  telephone  installation  in  the 
United  States.  The  Keystone  sys¬ 
tem  operates  approximately  50,000 
stations  and  14  exchanges  in  Phila¬ 
delphia  and  surrounding  counties, 
and  approximately  5000  stations  in 
southern  New  Jersey. 

Keystone  service  has  been  popular 
with  Philadelphia  business  concerns 
because  of  special  rate  schedules 
which  permitted  unlimited  service 
without  message  charges.  The  ex¬ 
istence  of  two  telephone  systems  in 
the  same  community  made  it  neces¬ 
sary  for  many  firms  to  have  dupli¬ 
cate  telephone  service,  however. 


MANUFACTURED  FROM 
STANDARD  PARTS  .  .  . 


Custom  designed  transformers  con  often  be  assembled  from 
standard  parts  found  in  the  large  variety  of  types  and  sizes 
available  to  Chicago  Transformer’s  customers. 

Where  entirely  different  designs  ore  necessary,  it’s  modem 
and  complete  plant  and  laboratory  facilities  are  equipped 
to  handle  the  most  unusual  assignments. 

Given  the  application,  description  and  the  electrical  results 
desired,  the  Chicago  Transformer  organization  should  best  be 
able  to  solve  your  new  and  difficult  transformer  problems. 


^  ^  A  At 


Telephone  Inquiry  Service 
Is  Set  Up  in  Washington 

To  ELIMINATE  CONFUSION  and  delays 
when  businessmen  seek  information 
in  Washington  on  war  production 
problems,  WPB  has  set  up  a  Tele¬ 
phone  Inquiry  Service.  The  tele¬ 
phone  number  is  REpublic  7500,  Ex¬ 
tension  73011,  Washington,  D.  C. 
Competently  trained  specialists  will 
answer  the  questions  or  refer  the 
caller  to  the  proper  WPB  official. 
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New  Television  Station 
Begins  in  Hollywood 

Experimental  operation  by  tele¬ 
vision  station  W6XYZ  in  Hollywood 
began  recently  under  the  direction 
of  Klaus  Landsberg.  The  station  uses 
100  watts  on  television  channel  No. 
4  (79.25  Me)  for  video,  and  200 
watts  on  83.75  Me  for  the  audio  car¬ 
rier. 

W6XYZ  is  owned  and  operated  by 
Television  Productions  Inc.,  a  sub¬ 
sidiary  of  Paramount  Pictures  Inc. 
DuMont  cameras  and  transmitting 
equipment  are  being  used  with  sev¬ 
eral  custom-built  units  and  a  spe¬ 
cial  experimental  antenna  system. 

To  conserve  equipment,  only  two 
programs  weekly  are  planned  at 
present.  These  programs  will  be 
confined  almost  entirely  to  Civilian 
Defense  activities.  Civilian  defense 
workers  assembled  in  Hollywood  po¬ 
lice  stations  and  some  200  television- 
equipped  homes  will  receive  instruc¬ 
tion  via  television. 


FOR  ELECTRONIC  PERFORMANCE 

ControUin*  electrons  to  •  useful  purpose 
requires  transformers  of  exact  performance 
characteristics.  Acme  precision-built  trans¬ 
formers  for  electronic  applications,  when 
submitted  to  unbiased  tests,  invariably  win 
top  honors  for  performance.  If  your  electronic 
application  is  out  of  the  ordinary,  let  Acme 
transformer  engineers  help  in  its  solution. 


FOR 

EXAMPLE 

Acme  com¬ 
pound  •  filled 


WPB  Orders  11,000,000 
Tubes  for  Civilian  Receivers 

A  PROGRAM  CALLING  for  the  manu¬ 
facture  of  eleven  million  radio  tubes 
in  114  different  types  by  July  1  of 
this  year  for  home  radio  receivers  is 
now  under  way,  according  to  a  WPB 
announcement.  The  seven  tube  man¬ 
ufacturers  cooperating  in  the  pro¬ 
gram  are:  Hytron  Corp.,  Ken-Rad 
Tube  &  Lamp  Corp.,  National  Union 
Radio  Corp.,  Raytheon  Production 
Corp.,  RCA  Victor  Division,  Syl- 
vania  Electric  Products  and  Tung- 
Sol  Lamp  Works.  No  manufac¬ 
turer’s  names  will  appear  on  the 
tubes. 


transformers 
for  short 

wave  communication,  public  address  systems 
and  other  radio  applications  are  preferred  for 
their  serviceability  under  temperature  vari¬ 
ations  from  — 40"  to  -1- 1 20". 


And  preferred  for  rugged  construction, 
trouble-free  long-life.  Typical,  high  voltage 
plate  supply  transformer  for  transminer. 
33,000  volts,  1.8  ampere  secondary. 


CBC  Uses  Relay  Transmitters 

Isolated  regions  in  western  Can¬ 
ada  are  being  provided  with  radio 
service  by  means  of  20-watt  relay 
transmitters  connected  to  railway 
telegraph  repeater  stations.  Six 
such  low-power  transmitters  are  in 
operation  in  British  Columbia,  and 
plans  are  under  way  to  extend  the 
service  to  all  isolated  communities  on 
the  3000-mile  network  system  of  the 
Canadian  Broadcasting  Corporation. 
CBC  field  engineers  found  that  the 
railway  telegraph  circuits  acted  as 
carriers  for  r-f  signals,  providing 
adequate  radio  reception  within  a 
radius  of  over  15  miles  from  the  re¬ 
lay  transmitter. 


ISOLATING  TRANSFORMERS 

For  use  wherever  radio,  communication,  or 
ocher  electrical  equipment  must  be  tested 
with  complete  freedom  from  outside  inter- 
feKnce.  Shielded  secondary  winding  and 
shielded  secondary  cable  isolate  primary  fluc¬ 
tuations  and  interference.  Write  for  details. 


THE  ACME  ELECTRIC  &  MFC.  CO. 

31  WATER  ST.  CUBA.N.Y, 


4U. 


r 

L  !•  D. 


CERAM/C  XES/SWl^ 


Be  sure  your  circuit  actually  requirei 
close  tolerance  resistors  before  yoi 
specify  them 


adio  Bi 


^E'-TRONI 

A  is  the 
rmer  Co 
»e.s  and  ] 
1  West  11 


Ceramic  or  compoaition  type  reatators  are  not 
normally  supplied  aa  precision  devices.  So  plea 
specify  resistance  tolerances  as  wide  as  pos-tble 
that  t>roduction  facilities  may  be  made  to  yic, 
maximum  quantities  of  acceptable  resistots.  To 
otherwise,  lowers  production,  slows  deliveriet 
wastes  critical  materials. 


Production  facilities  for  Qiobar  Brand  Ceramii 
Type  Resistors  are  being  utilized  to  the  utmost  u 
maintain  deliveries  to  the  moat  essential  Electronin 
needs.  When  the  present  crisis  has  passed  wc  will 
be  able  to  serve  those  industries  whose  needs  at  the 
moment  must  he  subordinated  to  the  war  effort 


Today  when  demands  upon  us  are  heavy  and  d^ 
liveries  are  scheduled  according  to  priority  and  date 
of  order,  your  indulgence  is  appreciated.  We  pledge 
our  untiring  efforta  to  thoae  who  have  come  to  de¬ 
pend  upon  ua  as  well  as  others  who  may  need  our 
help. 


Below  is  a  condensed  table  of  specifications  of  the 
more  commonly  used  types  of  Globar  Brand  Re- 
aiators.  Resiatora  having  special  characteristics  are 
also  available. 
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Type 

A 

B 

CX  i 

1 

Length 

Min. 

H’ 

1 

Max. 

18' 

18' 

18* 

Diameter 

Min. 

Si' 

Si' 

S.' 

Max. 

1* 

r  1'  1 

Resistance 
Per  Inch 

Of  Length 

Min. 

25 

ohms 

5 

ohms 

1  , 
ohm 

Max. 

15  15 

megohms  mcgnhms 

1000 

ohms 

♦Overall 

Watt 

Rating 

Min. 

H 

watt 

h 

watt 

U 

watt 

Max. 

54 

watts 

54 

watts 

ISO 

watts 

♦Normal 

Rating 

W.  Sq.  In.  of 
Radiating 
Surface 

1 

watt 

1 

watt 

24 

watti 

Maximum 

Voltage 

Per  In.  of 
Length 

400  V. 

400  V. 

See 

Note 

DDITIONi 


3  constr 
!cky  un 
i’ant  Cor 


*Theae  ratinia  may  be  aubatantiaJIy  in¬ 
creased  by  artificial  cooling. 


Characteristic  Coefficients: 


Type  A:  Comparatively  Straight  Line  Tem¬ 
perature  and  Voltage. 


Type  B:  Negative  Temperature  and  Voltage. 
Type  CX:  Slightly  Positive  Temperature. 
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Terminals:  All  types:  Metalized  ends  for  clip 
mounting  or  with  wire  leads. 


Type  CX  Resistors  have  a  low  specific  resist¬ 
ance  and  cannot  be  subjected  to  voltage 
stresses  permissible  with  Types  A  and  B. 
Maximum  allowable  voltage  is  that  required 
to  yield  maximum  watt  rating. 
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Ghbar  Division 

THE  CARBORUNDUM  COMPANY 


rco.  u.t.  orr. 

NIAGARA  FALLS,  N.Y. 


(Carborundum  and  Glubar  are  regulered  trade*mark«oftf>^ 
indicate  manufacture  by  The  Carborundum  CompROY} 
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adio  Business  News 

IX  TRONIC  Corporation  of  Amer- 
lA  is  the  new  name  of  the  Trans- 
jrmer  Corporation  of  America.  Of- 
es  and  plant  have  been  moved  to 
)  West  18th  St.,  New  York  City. 


FASTEST  Method  of 


BLACK  AND  WHITE  RECORDING 


iE  ScoPHONY  Corporation  of 
mekica,  with  offices  at  527  Fifth 
Lve.,  New  York  City,  has  been 
trmcd  by  Television  Productions 
a  subsidiary  of  Paramount 
.ttures,  Inc.,  and  General  Preci- 
jn  Equipment  Corp.  The  new  en- 
rprise  controls  the  western  hemis- 
lere  rights  for  the  supersonic  sys- 
■m  of  television  developed  by  the 
Iritish  Scophony  company  in  14 
|ears  of  research.  Arthur  Levey, 
lesident  and  general  manager,  an- 
■  unies  that  his  new  firm  will  soon 
^ake  available  in  this  country  a 
itrge-screen  television  projection 
jstem  which  is  easily  adaptable  to 
blor. 


This  Alden  recorder  was 
specially  designed  to  pro¬ 
duce  facsimiles  up  to 
8”  width. 


&DITIONAL  PLANT  FACILITIES  for 
en-Rad  Tube  and  Lamp  Corp.  will 
>  constructed  in  Indiana  and  Ken- 
cky  under  a  $1,300,000  Defense 
ant  Corp.  contract. 


FACSIMILE  RECORDERS 


THESE  COMPLETE  terminal  recording  units 
reproduce  typed  matter,  charts,  maps,  pic¬ 
tures,  fingerprints,  writing  or  text  of  any  sort. 
Speeds  of  48  square  inches  or  more  per 
minute  are  within  the  recording  capabilities 
of  the  paper  and  equipment.  Reproduaion 
is  crisp  and  clean  and  operation  of  the 
machine  is  simple  and  trouble-free. 

Alden  facsimile  recorders  are  designed  in 
conjunction  with  Faximile,  Inc.,  engineers, 
and  built  by  Alden  Produas  Company.  They 
are  based  on  the  John  V.  L.  Hogan  system, 
that  is  proving  highly  successful  on  transcon¬ 
tinental  and  international  press  circuits. 

Alden  recording  units  are  custom-built  to 
meet  your  requirements  of  speed,  width  of 
recording,  size  and  operation  with  other 
equipment,  or  to  meet  the  charaaeristics  of 
any  wire  or  radio  circuit. 

For  further  information,  write  for  booklet  A, 
"The  Last  Word  on  Facsimile  and  Electrolytic 
Recording”.  No  obligation  of  course. 


UDD  Induction  Heating,  Inc.  an- 
■nnces  that  its  new  plant  in  Detroit, 
tich.  is  now  at  full  production,  fili¬ 
ng  war  orders  for  vital  induction 
rating  equipment. 


oleowing  completion  of 


a  pro¬ 
ram  of  plant  expansion  providing 
dditional  facilities  for  electronic 
:<eaich,  Hazeltine  Service  Corpora- 
"n  changed  its  name  to  Hazeltine 
!ioctronics  Corp. 


HE  G-E  Radio,  Television  and  Elec- 
runics  Department  will  henceforth 
e  known  simply  as  the  Electronics 

i'i'artrnent. 


lADio  AND  Detection  equipment 
T'  ciuction  for  military  and  civilian 
(  hiefly  military — exceeded  $1,- 
?'<i,000,000  in  1942  according  to 
I’I’B  Chairman  Donald  M.  Nelson. 
;his  was  more  than  three  times  the 
^lume  of  1941. 


Anything  convertible  to  an 
tUctricaf  impulse  may  be 
reproduced  by  Alden  re¬ 
corders  such  as  these  exam¬ 
ples  shown  above. 


N!BY  Products  Co. 


Inc.  announces 
change  in  name  to  Selenium  Corp. 
America.  The  firm  manufactures 
?  by  photoelectric  cells,  selenium 
tifiers  and  other  electronic  prod- 
its,  and  is  located  at  1800  West 
CO  Blvd.,  Los  Angeles. 


ALDEN  PRODUCTS  CO.  INC.i 


117  NORTH  MAIN  ST. 


Licensees  under  patents  and  patent  applications  of  Faximile,  Inc. 


I  ectronics 


•w/  NEW  ALLIED 
1943  BUTING  GUIDE 


SEND  FOR 
YOURS.. 
NOW!, 


ALLIED  RADIO 


Acro  Electric  Ck).,  manufacturer? 
of  Acro  snap  switches,  has  move; 
into  a  new  plant  at  1305  Superior 
Ave.  in  Cleveland.  Manufact  iric 
facilities  and  space  have  been  en 
larged  300  percent  for  increased  pro. 
duction. 

Internal  Revenue  Tax  collectionj 
for  radio  sets,  parts,  phonographs, 
manufactured  in  Jan.  1943  amounted 
to  only  $186,688,  as  compared  with 
$2,650,829  for  Jan.  1942.  Interstate 
communication  revenue  for  the  same 
periods  remained  essentially  the 
same,  but  taxes  for  local  telephone 
service  jumped  almost  a  million  dol¬ 
lars,  from  $4,280,926  in  Jan.  1942 
to  $5,033,317  this  January. 


CENTRALIZE  YOUR  PROCUREMENT 
^1^  SAVE  TIME,,, SPEED  DEUVERY 

Get  this  latest  Allied  Buying 
Guide  for  everything  in  Elec* 
tronics  and  Radio.  Procure  all 
your  needs  from  this  ONE  cen* 
tral  source.  Our  large  complete 
stocks  of  over  10,000  items  as* 
sure  you  of  prompt  attention  and 
Wfr  quick  delivery.  Our  staff  is  trained 

to  help  you  with  your  problems 
. . .  write,  wire  or  phone  Haymar- 
ket  6800,  today! 

MEW..  .  ALLIED’S  RADIO 
DATA  HANDBOOK 

Most  essential  formulas,  charts,  f 
tables,  standards  and  technical  / 
data  on  radio  and  em  mmg  /  ^ 

electronics . m9  / 

ALLIED  RADIO  CORP.  / 


OVER  10,000 
WARTIME  ITEMS 

CMMUasers  Switches  itetifiers 

Relays  Resisters  Seckets 

Tabes  Rbeestots  Wire 

Test  E^ip.  Peblic  Address  Geaeraters 
TraasferaMrs  Ceils  Receivers 

Pbete  Cells  Teels  Speakers 


wave  rectifier  with  4-pin  medium 
bayonet  base  4AN  and  S-19  glass 
envelope.  E,  =  2.5  v;  /,  =  8  amp; 
max  a-c  E,  =  1250  v  per  plate; 

=  3500  v;  max  d-c  /»  =0.2  amp; 
I,r,k  =  0.6  amp  per  plate. 

6SH7GT  High-vacuum  heater-tj’pe 
r-f  pentode  with  8-pin  octal  base 
8BK  and  glass  envelope.  Single- 
ended,  with  sharp  cut-off.  E,  -  6.3 
v;  If  =  0.3  amp ;  max  E^  =  300  v; 
max  power  =  3  w;  =  4900;  r,  = 


Marion,  I 


'ORMICA  1 1 
Cincinnai 


0.  Jellii 
Southpor 


1005  Gaseous  ionic-heated-cathode 
full-wave  rectifier  with  8-pin  octal 
base  5AQ  and  MT-8  metal  envelope. 
For  starting,  Ef  =  11.0  v  and  If  = 
0.125  amp;  continuous,  Ef  =  4.0  or 
6.3  V  and  If  =  0.08  or  0.1  amp.  Max 
peak  voltage  per  anode  =  225  v; 
max  peak  inverse  voltage  =  450  v; 
average  tube  voltage  drop  =  20  v; 
max  d-c  anode  current  =  70  ma. 

8020  High-vacuum  fllament-tjT)* 
half-wave  rectifier  with  4-pin  medi¬ 
um  bayonet  base  4P  and  T-18  glass 
envelope.  =  5  v;  /^  =  6  amp; 
E,„,  =  40,000  v;  average  /»  =  100 
ma;  =  750  ma.  j 

0B3/VR90  Gas-filled  cold-cathode 
regulator  tube,  now  assigned  a  reg¬ 
ular  RMA  number.  Double  branding 
is  employed  in  view  of  long  usage  of 
the  older  designation  VR-90-30.  The 
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lerating  voltage  drop  across  the  ★ 
be  is  80  to  100  volts  (design  cen- 
r  value  is  90  volts) . 

)3/VR150  Gas-filled  cold-cathode 
gulator  tube,  now  assigned  a  reg- 
ar  RMA  number.  The  operating 
jtage  drop  across  the  tube  is  145 
160  volts  (design  center  value  is 
iO  volts). 


bLONiAL  Radio  Co. 

Buffalo,  N.  Y. 

:oRNiNG  Glass  Works 
Corning,  N.  Y. 

'LECTRONIC  LARORATORIES,  INC. 
Indianapolis,  Ind. 

ARNSWORTH  TELEVISION  &  RADIO 
COBP. 

Marion,  Ind. 

^ORMicA  Insulation  Co. 

Cincinnati,  Ohio 

0.  Jelliff  Mpg.  Corp. 

Southport,  Conn. 

*.  R.  Mallory  &  Co.,  Inc. 

Indianapolis,  Ind. 

lEPi  BMC  Steel  Corp. 

Cleveland,  Ohio. 

loLAK  Mpg.  Corp. 

Bayonne,  N.  J.  and  West  New  York, 
N.  J. 

iPRAt.i  f:  Specialties  Co. 

North  Adams,  Mass. 

ViNCHARGER  C(«P. 

Two  plants 
Sioux  City,  Iowa 


Personnel 

Dr.  Joseph  Slepian,  associate  di- 
lec'  r  of  research  at  Westinghouse, 
ia>  been  selected  by  the  AIEE  to  re- 
4(ive  the  1942  Lamme  Medal.  The 
4'' ‘  'i  is  for  “contributions  to  the 


- Satisfactory - 

Radio  and  Electrical  equipment  is  being  tested  in  Tenney 
units  by  leaders  throughout  the  country. 

Uncle  Sam’s  Inspectors  are  passing  it  after  exacting  tests 
with  words  of  highest  praise  to  the  Electrical  Engineers — 

“PERFORMANCE  SATISFACTORY’’ 

Tenney  units  reproduce  any  atmospheric  condition  from 
the  ground  to  Stratosphere. 

Tenney  Engineering,  Inc.  equipment  is  used  by  the  Avia' 
tion  Industry  and  the  United  States  Government  for  all 
types  of  test. 

Stratosphere  •  ihamhers  and  Rooms  to  60,000  feet. 

Humidity  Chambers  to  9S%.  *  '  - 

Constant  and  Variable  Temperature  Baths  to  ±0.1°  F. 
Temperature  Cabinets  to  — 100°  F. 

Accurately  controlled  by  exterior  instruments. 


Our  Engineering  stafF  is  at  your  service  TEN  N  E  Y 


Illustrated  and  descriptive  booklet  on  request 
For  Precision  Control,  write — 

Tenney  engineering,  Inc. 

Dept.  E'4,  8  Elm  Street  Montclair,  N.  J. 
Telephone:  Montclair  2-5535 
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'  You  can  count  on  j 
Wincharger  Anten¬ 
na  Towers.  They 
combine  strong  effi¬ 
cient  coverage  with 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
,  Wincharger  Anten- 
’  na  Towers  are  being 
used  for: 

Commercial  Broadcastiag 
Police  Work 

Sigaal  Corps  Air  Liaes 
OrAumce  Plants 

To  be  sure  for  years  ahead 
-be  sure  to  specify  Win¬ 
charger  Antenna  Towers. 
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ACHESON 

COLLOIDS  CORPORATION 


MICHIGAN 


PORT  HURON 


development  of  circuit-interrupting 
and  current-rectifying  apparatus.” 


I.  R.  Baker,  one  of  radio’s  best- 
liked  pioneers,  died  suddenly  of  a 
cerebral  hemorrhage  on  Feb.  19 
while  at  his  office  at  RCA  Mfg.  Co. 
in  Camden.  From  1929  to  the  out¬ 
break  of  the  war  he  had  been  head 
of  broadcast  transmitter  sales  at 
the  Camden  plant,  and  since  then 
had  been  devoting  most  of  his  time 
to  research  in  applying  high-fre¬ 
quency  radio  current  to  speed  up 
war  production. 

T.  A.  Willard,  storage  battery  in¬ 
ventor  and  former  president  of  the 
Willard  Storage  Battery  Co.,  died 
Feb.  3  at  his  home  in  Beverly  Hills, 
Calif,  at  the  age  of  80.  After  more 
than  30  years  spent  in  inventing  de¬ 
vices  for  storage  batteries,  for  which 
65  patents  were  awarded,  he  retired 
from  business  and  devoted  his  time 
to  a  study  of  Mayan  culture  and  to 
frequent  trips  of  exploration  to 
Yucatan.  His  four  books  on  Mayan 
culture  have  made  him  an  authority 
on  the  subject. 


An  cUctrioal  oonduotor 

Low  in  photooUeirlc 
■ontitiTily 

Diomognotie 
A  black  body 

Low  cooUiciont  of 
expansion 

Gas  abaorbont 
Opaqno 

Chamioally  inart 
A  oondnotor  oi  boat 


William  Fay  and  Fred  C.  Young, 
vice-president  in  charge  of  broad¬ 
casting  and  vice-president  in  charge 
of  engineering  respectively,  are 
among  the  newly-elected  directors 
of  Stromberg-Carlson  Tel.  Mfg.  Co. 


Dr.  W.  R.  G.  Baker,  G-E  vice- 
president,  outlined  the  future  of 
electronics  in  a  talk  before  a  re¬ 
cent  New  York  section  meeting  of 
the  American  Marketing  Associa- 


Vaouam  tnbas 
Bay  focusing  anodas  in 
ealkoda  ray  tubas 
Skialds 
Grids,  radio 
Platas,  radio 
Elaotron  guns 
Nonmatallic  alaotrodat 
Glow  disekarga  tubas 
Luminous  gasaous  discharge 
lamps 

Exparimantal  calls 
Conrartar  and  output  tubas 
Elaotron  multipliars 
Half  wava  raotifiars 
Thraa  alamant  discharge 
davicas 

Photoalaotrie  calls 
Countar  alaotrodas 
Basistancas 
Tharmopilas 


G-E  Tice-president  Dr.  W.  R.  G.  Baker 
(center),  who  warned  against  expecting  an 
orernight  flood  oi  new  products  after  the 
war,  is  shown  here  with  AMA  radio  group 
chairman  George  H.  Allen  (left)  and  Dr. 
H.  S.  Hettinger  of  OWI  in  Washington, 
other  speokers  at  the  American  Marketing 
Association  meeting 


tion.  He  cautioned  against  expect¬ 
ing  f-m  and  television  sets  to  sell 
for  $9.95  after  the  war,  and  pointed 
out  that  it  will  take  time  to  apply 
war-acquired  knowledge  to  peace¬ 
time  practice. 


ELECTRONICS 


I 


Ij 

! 

I: 
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W.  C.  White,  engineer  in  charge 
the  G-E  Electronics  Laboratory 
Schenectady,  has  been  named  a 
erabor  of  the  IRE  board  of  direc- 
pg.  He  has  played  a  leading  part 
I  all  G-E  radio  tube  developments, 
hri  from  1929  to  1941  was  in  charge 
f  the  Vacuum  Tube  Engineering 
[eoaftment. 


Dr.  Grant  Hector  has  joined 
ational  Union  as  Director  of  En- 
ineering,  and  will  direct  all  elec- 
>onic  tube  research  and  engineer- 
ig  activities  for  laboratories  and 


The  dynamotor  specially  designed  to 

r  j  \ 

insure  maximum  etticiency  at  all  operating 
altitudes  and  temperatures. 


manufacturing  plants  of  the  com- 
any  in  Newark,  N.  J.  and  Lansdale, 
a.  Previously  he  had  been  en- 
aged  in  electronic  development 
ork  for  the  Office  of  Scientific  Re- 
earch  and  Development. 


S.  Caplan,  after  nine  years  as 
esearch  chemist  with  Harvel  Re- 
eaiih  Corp.,  has  become  research 
nanager  and  acting  technical  di- 
of  Irvington  Varnish  and 
Insulator  Co.  of  Irvington,  N.  J. 
de  succeeds  C.  F.  Hanson,  who  has 
)een  appointed  chief  consulting 


Quality  Bu.lt  WINCO  DYNAMOTORS  Insure 


^COMPLETE  DEPENDABILITY 
★PERFECT  BALANCE 
★MINIMUM  A.  C.  RIPPLE 
★LOW  VOLTAGE  REGULATION 
★COMPACTNESS  and  LIGHT  WEIGHT 


.  .  .  .And,  whatever  your  power  problem, 
Winco  Engineers  will  be  glad  to  help  you 
solve  it.  This  service  is  free  and  without  obliga¬ 
tion.  Why  not  consult  us7 


«ittee,  under  the  direction  of 
VI’B  radio  and  radar  officer  Ray 
“dlis,  now  includes  the  following 
nembers  from  industry:  Max  Bal- 
:om  of  Sylvania,  M.  Cohen  of  F.  W. 
tickles  Co.,  W.  P.  Hilliard  of  Ben- 
iix  Radio,  W.  F.  Hosford  of  West- 

Lewis 


*I»<i»OToes 
//•ricai  ] 


•«MroV$ 


^rn  Electric  Mfg.  Co, 

RCA,  Percy  L.  Schonen  of  Ham¬ 
ilton  Radio,  and  A1  Wells  of  Wells 
['■ardner  Co. 


lECTRONICS 


NEW  PRODUCTS 


IT'S  VALUABLE 
IT'S  INDISPENSABLE 
IT'S  TINELT 

So  Send  TODAY  for  Your  Copy! 

Complete  9H^o^maii04t 
on^imUuf  MoitM, 
FOR  USE  IN: 

Automatic  Reset  Timers 
'—Time  Delay  Relays— 
Vacuum  Tube  Circuit- 
Controls,  etc. 

Extensively  used  in  Plate 
Circuit  Time  Dela3rs  for 
Communication  Equip¬ 
ment. 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  be  found  here 


Variation  Fatigue  Test 
Equipment 

Model  25  vibration  fatigue  testing 
machine  was  designed  for  heavier 
vibration  fatigue  testing  equipment. 
Its  table  load  capacity  is  25  lbs.  and 
its  horizontal  table  movement  fre¬ 
quency  range  (adjustable)  is  rated 
10  to  60  cps.  Table  area  is  12x15 
inches.  Total  displacement  (adjust¬ 
able)  is  0  to  0.125  inches.  Maximum 
acceleration  is  approximately  14  g. 
The  machine  is  mounted  on  a  sturdy 
cast  iron  base  measuring  19x38 
inches.  Base  mounting  hole  dimen¬ 
sions  are  16x25  inches.  The  table 
top  over  all  height  is  11  inches  from 
the  bottom  of  the  base,  and  provides 
adequate  clearance  above  the  ma- 


Kilovoltmeter 

Specifications  of  No.  760  kilovolt 
meter  include  a  low  current  con 
sumption  (not  more  than  1  ma) 
all  multiplier  units  are  an  intogr 
part  of  the  self-contained  instru. 
ment;  three  ranges  are  5,  10  and2i 
kv;  plus  or  minus  2  percent  accurac; 
at  full  scale ;  and  sensitivity 
movement,  1000  ohms  per  volt. 

The  instrument  is  rugged  an 
portable  and  is  obtainable  frud 
Shallcross  Mfg.  Co.,  Collingdale,  P; 

Double  Armature  Relay 

This  relay  is  a  double  action  inter-l 
locking  control  unit  with  balanoc 
armature  control.  It  is  ruggedlyl 
built  to  withstand  vibration  and  sudl 
den  shocks  of  mobile  applicationsj 
and  can  be  custom  built  to  fit  int;[ 
designs  where  light  weight  and  snialll 


chine  to  permit  handling  of  parts 
larger  than  the  table  dimensions. 
Total  net  weight  of  the  machine  is 
365  lbs.  It  is  powered  by  a  1-hp, 
220- volt,  a-c  motor.  No  keys  or 
wrenches  are  needed  to  make  an  ac¬ 
curate  adjustment  of  amplitude. 
Rugged  Timken  and  SFK  bearing 
are  used  in  the  machine.  The  manu¬ 
facturer  states  that  the  machine 
runs  cool,  will  operate  unattended 
for  hours,  and  will  not  spill  oil.  An 
accurate  electric  tachometer  is  pro¬ 
vided  for  frequency  readings,  and 
the  machine  is  guaranteed  for  one 
year  against  defective  material  and 
workmanship. 

All  American  Tool  &  Mfg.  Co., 
1014  Fullerton  Ave.,  Chicago,  Ill. 


size  are  essential.  It  is  available  in 
various  contact  arrangements  or 
with  Micro  switches  (in  place  oi 
spring  pile-ups).  Capacities  arerat?^ 
up  to  5  amps,  110  volts  a.c.  Coil  re 
sistance  is  10,000  ohms.  Contaf 
tact  forms  or  assemblies  have  up 
12  springs  on  each  side. 

Cook  Electric  Co.,  Chicago,  111. 
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PREFERENCE  RATINGS  DRIVE  US  NUTS  TOO 


What  with  rating  requirements  and  priorities, 
aspirin  has  become  an  important  part  of  our 
office  equipment.  But  we  swallow  them  cheer¬ 
fully  and  tackle  our  extra  work  with  enthusi¬ 
asm,  for,  in  spite  of  the  headaches,  we’ve 
developed  a  better  Audiodisc,  we’re  filling 
more  orders  than  ever  before  in  our  history 
—  and  Audiodiscs  are  actively  helping  the 
war  effort.  Naturally,  we  realize  too  that  these 
priority  restrictions  are  essential.  Audiodiscs 
do  contain  some  critical  materials.  Proper  con¬ 
trol  enables  us  to  get  these  materials  and  thus 
maintain  the  superior  quality  and  dependa¬ 
bility  found  only  in  Audiodiscs.  Recently  the 
preference  rating  procedure  on  recording 
blanks  and  cutting  points  has  been  greatly 
simplified.  So  help  us  speed  up  your  deliv¬ 
eries  by  sending  in  your  preference  rating 
extensions  with  your  orders.  Thanks  a  lot! 


This  war  may  be  bringing  us  headaches,  but 
there  is  a  lot  of  satisfaction  in  knowing  that 
Audiodiscs  are  doing  their  part  for  Victory 
. . .  bringing  messages  and  music  to  boys  at 
the  front  and  training  camps  .  .  .  reaching 
millions  of  our  allies  and  friends  in  Axis- 
conquered  countries  . . .  presenting  the  truth 
to  thousands  who  listen  even  in  enemy  coun¬ 
tries  . . .  recording  important  speeches  and  up- 
to-the-minute  news  . . .  transmitting  messages 
and  instructions  in  war  plants  . . .  releasing 
wires  for  wartime  communications,  and  per¬ 
forming  many  other  highly  important  roles 
on  both  the  home  and  fighting  fronts. 

Whatever  your  particular  application.  Audio¬ 
discs  will  serve  you  with  the  same  character¬ 
istic  dependability,  under  the  most  exacting 
conditions,  that  wins  for  them  universal 
acclaim,  wherever  they  go  on  a  turntable. 
Audiodiscs  are  readily  available  through  a 
coast-to-coast  network  of  distributors.  Call 
your  nearest  one  —  or  wire  us  for  complete 
information  today.  Audio  Devices,  Inc.,  1600 
Broadway,  New  York  City. 


SUBSTITUTE 


SflClf»C  Ml 


LECTRONICS 


Voltage  Regulator 

A  NEW  TYPE  VOLTAGE  regulator  con¬ 
trols  the  voltage  delivered  to  a  vi¬ 
brator  used  for  airplane  service,  by 
the  use  of  an  automatic  thermal 
switch  which  automatically  turns  on 
any  auxiliary  circuit  ten  seconds 
after  the  vibrator  is  started.  (Sim¬ 
ilar  regulators  can  be  designed  to 
control  the  current  and  voltage  ap¬ 
plied  to  any  load,  providing  the  total 
wattage  consumed  by  the  regulator 
itself  is  not  more  than  40  watts.) 
With  a  battery  variation  of  20  to  30 
volts  (50  percent),  the  voltage  on  the 
vibrator  is  kept  between  6.0  and  6.3 
volts  (5  percent)  variation.  With  a 
10  percent  change  in  current  through 
the  regulator,  the  voltage  drop  in¬ 
creases  200  percent. 

Amperite  Co.,  561  Broadway,  New 
York,  N.  Y. 


o.a.w. 

CARBONYl 


a  really  high-powered 


IRON  POWDER 


ENGINEERINC 


SETTING 
A  NEW  HIGH 


IVotc: 

Th«  Library  comprllM 
a  salactlon  of  books 
cullad  from  loading 
McGraw-Hill  publica¬ 
tions  in  tha  radio 
fiald. 


IRON  CORE 
PERFORMANCE 


Time  Delay  Relay 

In  the  re-design  of  Agastat  (an 
electro-pneumatic  time  delay  relay 
for  making  or  breaking  electrical  cir¬ 
cuits  at  pre-determined  intervals) 
the  basic  design  and  principle  of  op¬ 
eration  were  adhered  to,  but  the 
newer  model  weighs  1  lb  and  6  ozs 
less  than  its  predecessor  (actual 
weight  being  1  lb  and  6  oz)  and  it  is 
only  4  inches  high  in  comparison  to 
the  older  model’s  5  inch  height.  An- 


At  present  available 
in  three  types,  G.  A.W, 
Carbonyl  Powder  — 
combining  high  effec¬ 
tive  permeability  and 
highest  Q  value — is 
of  increasing  impor¬ 
tance  to  leading  core 
manufacturers  sup¬ 
plying  the  carrier  and 
high  frequency  fields 
where  the  highest  ef¬ 
ficiency  is  required. 
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Bubjecta — (Itb  apaclallMd  treatmanta  of  i 
flelda  of  practical  daalsn  and  application.  Th 
are  booka  of  recornliad  poaltlon  In  tha 
ture — booka  you  will  rafer  to  and  ba  ref.-i 
to  oftan.  If  you  ara  a  practical  dealgBor,  n 
aaarchar  or  ansinaar  In  any  flald  baaed  on  n;.. 
you  want  thaaa  booka  for  tha  halp  they  (Iti! 
hundrada  of  problama  throuKhout  the  ni:', 
Aeld  of  radio  anslnaarlnE. 


5  voluies,  3559  pages,  2558  illustritin 

astman’s  FUNDAMENTALS  01 
VACUUM  TUBES,  2nd  edition 
RADIO  ENGINEERI.NG, 


Ferman’s 
edition 

Kveritt’s  COMMUNICATION  ENG 
NEERING,  2nd  edition 
Elund's  HIGH  FREQUENCY  MEASIR 
MENTS 

Henney’s  RADIO  ENGINEERING  HAM 
BOOK,  3rd  edition 
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SPECIAL  LOW  PRICE  •  EASY  TilN 

Special  price  under  thia  offer  leaa  than 
of  books  bought  separately.  In  addition,  y 
have  the  privilege  of  paying  In  easy 
ments  beginning  with  IS. 00  in  10  dayt  i'' 
receipt  of  books,  and  IS. 00  monthly  i-i''' 
Already  these  books  are  recognised  as 
works  that  you  are  bound  to  require  sooner 
later.  Take  advantage  of  these  conver . 
terms  to  add  them  to  your  library  now. 


Other  powders  now 
being  developed.  We 
will  appreciate  your 
letting  us  know  your 
requirements. 


FOR  10  DAYS  EXAMINATION  SEND  THJ 
* . ON- APPROVAL  COUPON- . . 


other  difference  is  in  the  housing  and 
component  parts  which  are  made  of 
substitute  materials,  although  heavy 
brass  is  used  in  the  operating 
mechanism.  A  simple  screw  adjust¬ 
ment  permits  a  delay  ranging  from 
a  fraction  of  a  second  to  several  min¬ 
utes.  The  relay  is  unaffected  by  heat, 
cold  or  variations  in  operating  vol¬ 
tage,  temperature  or  humidity. 

American  Gas  Accumulator  Co., 
Elizabeth,  N.  J. 


Write  for  further 
information 


McGraw-Hill  Book  Co..  330  W.  42nd  St..  N.  Y. 

Send  me  Radio  Englneerlns  Library  for  10  din' 
ezaminatioD  on  approval,  in  10  days  I  "111  KOd 
13.00  plus  few  cents  postage,  and  13.00  monthly  till 
124  Is  paid,  or  return  books  postpaid.  I  We  PV 
postage  on  orders  accompanied  by  remittance  a| 
first  Installment.  I 


Name 


A  DIVISION  OF 

Geoeral  Aniline  and  Film  Corp. 

435  Hadien  St.  New  York,  N. 

Manulacturers  and  sole  distributors 


Address 


I^ty  and  State 


I’osition 


Company 
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STABILIZED  A.  C.  VOLTAGE 

k  UP  TO  25  KVA  ^ 


f|fe::‘?-"nic’8  Protractor 

sf-;PE(  lALLY  DESIGNED  for  the  man  on 
*:  e  job  is  a  mechanic’s  protractor 
vhich  gives  readings  for  outside  an- 
[g'es  (such  as  angles  of  bend  or  de- 
iit^ction),  or  inside  (inclusive)  an- 
or  inches-per-foot  against 
grecs  up  to  24  inches-per-foot  (63 
^g.-26  inches).  All  of  the  above 
S'entioned  readings  can  be  taken 
^ith  one  setting.  The  more  difficult 
gTigles  can  be  measured  by  using  a 
it,  el  in  conjunction  with  the  pro- 


Malcing  Partf  Without  Dies 


No  delay  waiting  for  dies— parts  ready 
quicker — deliveries  speeded  up — all 
to  bring  the  Victory  sooner!  Women  are 
rapidly  taking  a  major  place  on  the  industrial 
front.  DI-AC RO  Precision  Machines — Shears, 
Brakes,  Benders  —  are  ideally  suited  for  use 
by  women  in  making  duplicated  parts  accu¬ 
rate  to  .001'  —  Die-less  Duplicating. 
Thousands  of  DI-ACRO  Machines  are  now 
in  use  in  War  plants. 

for  Catalog 

"METAL  DUPLICATING  WITHOUT  DIES” 

It’s  an  eye-opt‘ner  on  what  you  can 
do  without  dies,  shows  typical  parts, 
and  gives  sizes  and  capacities  of  all 
models  of  Di-Acro  Shears,  Brakes, 

Benders. 


BRAKES 

(Illustrated) 

Di-Acro  Brake  forms  non¬ 
stock  angles,  channels  or 
■'Vees".  Right  or  left  hand 
operation.  Folding  width  — 
Brake  No.  1  —  6’.  Brake  No. 
2  —  12*.  Brake  No.  3  —  18'. 

BENDERS 

Di-Acro  Bender  bends  angle, 
channel,  rod,  tubing,  wire, 
moulding,  strip  stock,  etc. 
Capacity  —  Bender  No.  1  — 
A',  round  cold  rolled  steel 
Mr.  Bender  No.  2  —  '  cold 

rolled  steel  bar. 

SHEARS 

Di-.\cro  Shear  squares  and 
sizes  material,  cuts  strips, 
makes  slits  or  notches,  trims 
duplicated  stampings.  Shear¬ 
ing  width  —  Shear  No.  1  — 
6'.  Shear  No.  2  —  9’.  Shear 
No.  3  —  12', 


lactor.  The  calibrations  are  located 
t  the  extreme  of  the  radius,  assur- 
g  accurate,  clear  reading  to  a  frac- 
on  of  a  degree.  The  protractor  is 
rinted  in  red  on  A  inch-thick 
henol-resin  laminated  birch.  It 
s  light  and  durable  and  is  unaf- 


When  a  precision  electrical  device  or  a  critical  process  is  powered  trom 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three 
phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-7I  JE  describing  Raytheon  Stabilizers. 


RAYTHEON  MANUFACTURING  CO. 

100  willow  Sfroet  WALTHAM.  Mauachusofts 


EVERY  “WAR-TORN” 
ENGINEER  NEEDS! 


JOHN  F.  RIDER  PUBLISHER,  Inc. 

404  FOURTH  AVENUE.  NEW  YORK  CITY 

Eiport  Di*i>ion  Rockf ■  I ntfrnationa I  tl»c  Corp  100  Varick  SI  »  Y  C 


A-C  CALCULATION  CHARTS 


•y  R.  LORENZEN 

This  new  Rider  Book  greatly  reduces  the  time  required 
for  alternating  current  engineering  calculations  —  spe^s 
up  the  design  of  apparatus  and  the  progress  of  engineer¬ 
ing  students.  Two  to  five  times  as  fast  as  using  a  slide  rule! 
Thousands  of  enthusiastic  users. 

A-C  CALCULATION  CHARTS  are  designed  for  use  by 
civilian  engineers  and  engineers  of  the  armed  forces  who 
operate  in  the  electrical— communication— power  — radio 
—vacuum  tube— telephone— and  in  general,  the  electronic 
field.  Invaluable  for  instructors  as  well  as  students,  and 
also  administrative  officers  who  check  engineering  calcu¬ 
lations. 


CATHODE  RAY  TUBE  AT  WORK 


which  is  furnished  with  full  auto¬ 
matic  controls  and  automatic  lubri¬ 
cation.  The  vacuum  or  pressure  may 
be  adjusted  to  any  degree  desired 
The  machine  is  slow-running  and 
quiet  in  operation. 

Lieman  Bros.,  Inc.,  Christie  St 
Newark,  N.  J. 


The  Cathode  Ray  Tube  at  Work  is  the  accepted 
authority  on  the  subject.  The  cathode  ray  tube  in 
the  Oscillograph  and  its  application  to  electronic 
and  industrial  work  is  fully  discussed.  Profusely 
illustrated.  338  pages  .  .  .  ^3.00 


Throat  Microphone 

For  use  in  aircraft,  submarines, 
military  tanks,  defense  plants  and 
other  noisy  places,  this  is  an  im¬ 
proved  throat  microphone  which  is 
placed  around  the  neck,  over  the 
larynx.  Words  spoken  by  the  wearer 
are  picked  up  and  may  be  amplified 
and  transmitted  through  a  PA  sys¬ 
tem.  No  surrounding  noise  is  trans¬ 
mitted  through  the  microphone.  Any 
standard  amplifier  designed  to  use  a 
crystal  or  other  high  impedance 
microphone  may  be  used  with  the 
microphone.  The  microphone  is  con- 
the  inductor-dynamic 


structed 

principle,  and  is  rugged  and  com¬ 
pact  (weighs  2  ounces).  It  is  leather 
covered  and  equipped  with  an  ad¬ 
justable  neck  strap. 

Miles  Reproducer  Co.,  Inc.,  812 
Broadway,  New  York,  N.  Y. 


Electronic  Armament  Gauge 

An  electronic  gauge  capable  d 
indicating  differences  as  small  as 
0.00002  inch  in  metal  objects  up  to 
eight  inches  in  diameter  or  length 
is  announced  by  Televiso  Products. 
Inc.,  6533  No.  Olmsted  Ave.,  Chi¬ 
cago.  Indications  appear  on  a  four- 
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tiilCAN  GAS  ACCUMUUTOR  CO. 


plus  or  minus  0-0.0005,  0-0.005,  and 
0-0.05  inches.  Ranges  are  changed 
by  means  of  a  selector  switch.  In 
use,  a  standard  work  piece  is  placed 
under  the  feeler  point  and  the  in¬ 
strument  is  adjusted  to  give  a  zero 
reading  (at  mid-scale).  Deviations 
of  production  pieces  from  standard 
can  then  be  read  directly  on  the  scale 
by  unskilled  operators  as  fast  as 
parts  can  be  placed  under  the  feeler 
point.  The  instrument  is  known  as 
the  Model  11  Micrometron,  and  is 
available  on  priority  only.  | 

Phenolic  Plastics 

Phenolic  molding  material,  BM- 
13017,  is  designed  especially  for  the 
production  of  aircraft  and  automo¬ 
tive  ignition  parts.  The  material  is 
natural  colored  and  is  suitable  for 
extrusion  molding  around  inserts. 

Type  BM-16034  phenolic  molding 
plastic  was  developed  for  long  flow 
extrusion  work.  It  may  also  be 
used  for  transfer  molding. 

Physical  and  electrical  molded 
properties  are  available  from  the  ! 
manufacturer,  Bakelite  Corp.,  30 
East  42nd  St.,  New  York,  N.  Y. 

I 

Screw-On  Type  Wire-Nuts 

No  RUBBER,  tin  or  lead  are  used  in 
these  “Wire-Nuts”  (solderless,  tape¬ 
less  wire  connectors)  which  consist 
of  a  cone-shaped  spiral  spring  insert 
which  is  imbedded  in  a  molded  insul- 
lation.  The  nuts  utilize  insulation 
which  will  not  melt  and  is  puncture- 
proof  at  10,000  volts.  Five  sizes  are 
available  for  making  all  combina¬ 
tion  of  wires  from  2  No.  18  to  3  No. 
10,  solid  or  stranded.  The  nuts  are 
approved  by  Underwriters’  Labora¬ 
tories,  and  Factory  Mutual  Labora¬ 
tories. 

Ideal  Commutator  Dresser  Co., 
Sycamore,  Ill. 


a-hunting 
we  wiU  go 


With  scarcities  of  critical  radio 
materials  developing  everywhere, 
we've  become  on  emergency  "pro¬ 
curement"  agency  for  many  manu¬ 
facturers  and  branches  of  our 
military  services. 

In  normal  times,  we  were  a 
distribution  channel  for  radio  eqiup* 
ment  manufacturers.  Today,  we 
still  maintain  our  valuable  con¬ 
tacts  with  practically  all  reputable 
suppliers — though  our  fimction  has 
changed  somewhat.  We  ore 
trained  to  locote  sources  of  sup¬ 
ply  ...  to  purchase  ...  to  speed 
deliveries  of  material  that  you  may 
need  urgently. 

Let  us  hunt  'em  down.  We'll 
deliver  the  goods  to  you. 


RADIO  COMPAN 
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WANTED . .  New  Openings 

Highest  grade  Electrical  Insulating  Papers  combining  Tough¬ 
ness.  Flexibility,  and  High  Dielectric  seek  additional  applica¬ 
tions!  Long  recommended  by  the  foremost  MOTOR  and 
Transformer  design  engineers!  Have  you  an  opening  for  our 
well  qualified  product  in  your  needs  of  today  ...  or  tomor¬ 
row?  Economical  in  price.  Cottrell  Papers  pave  the  way  to 
other  economies  in  production  time  and  materials. 


Submit  Your  Insulating  Paper  Problems 


Both  Old  and  New  To  COTTRELL  Engineers. 


COTTRELL 

PAPER  CO.,  INC.  <Cuih[5;; 

FALL  RIVER.  MASSACHUSETTS  '  '  | 

Factory:  Rock  City  Falls,  New  York  ' ‘ 


Order  ROLLS  or 
30x40  SHEETS 

COPACO 

100%  RAG 

COPAREX-S 

100%  RAG 

NUNGRA 

High  RAG  Cont. 

★ 

First  two  quarantood 
300  volts  por  mil. 
NUNGRA  usually 
tests  300.  All  tough 
yot  floxiblo.  Non- 
chom.  Standard 
Thicknossos  .005  .007 
.010  .015  .020  X)25 

.030.  Others  li  quan¬ 
tity  warrants. 
Samples  on  Request 


Voltage  Stabilizer 

This  instrument  provides  a  cun 
stant  output  of  115  volts  from  cir 
cuits  varying  between  95  and  I3i 
volts.  It  is  insensitive  to  load  powe 
factor,  and  is  not  affected  by  varla 
tions  in  load  from  no  load  to  fu] 
load,  or  by  changes  in  power  fact, 
from  unity  to  0.8  lagging.  Com 
pletely  self-protecting,  it  will  oper 
ate  continuously  throughout  th 
range  from  open  circuit  to  short  cir 
cuit  without  damage.  Ratings  fron 
50  volt  amps  to  5000  volt  amps  ar 
available.  The  new  stabilizer  can  b 
applied  wherever  close  voltage  regu; 
lation  is  needed,  such  as  in  rad 
transmitters,  electron  tube  appar 
atus,  motion-picture  sound  equip 
ment  and  projectors,  x-ray  ma 
chines,  etc. 

Publication  GEA-3634  which  de 
scribes  the  stabilizer  in  detail  i 
available  from  General  Electric  Cn 
Schenectady,  N.  Y. 

Tube  Stud  Connector 

A  NEW  TUBE  STUD  connector  (call* 
Hystud)  has  been  developed  for  us 
in  joining  flexible  leads  to  filair.er, 
studs  of  large  electronic  tubes.  It  i 


an  indent-type  of  connector  and  i 
compact.  The  connector  is 
to  the  stud  by  means  of  a  knuii* 
thumb  screw. 

Burndy  Engineering  Co.,  Inc.,  43 
East  133rd  St.,  New  York,  N.  Y. 

Modem  War  Sound  Effects 

Authentic  sounds  of  warfare 
as  the  sound  of-  Spitfires,  Mc.<m 
schmitts,  and  other  modern  fight* 
and  bombers  in  various  flight  mar- 
vers,  dogfights,  dives,  and  ii*** 
battles  with  tanks,  falling  borr,! 
machine-gunning,  etc.,  are  availa: 
on  Super-Sound  Effect  !ac*.r 
These  sound  effects  are  pressed 
Victrolac.  A  catalog  supplement  i-' 
ing  descriptions  of  other  effects  u 
be  obtained  from  Standard  lia 
45  West  45th  St.,  New  York,  N. 
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^  Now  Made  of  Bokelite 

V  Could  Not  Tolerate  Costly 

Time-Consuming  Engraving! 


DID  THE  JOB 

ir  IN  RECORD  TIME 
if  ON  PLASTIC 

if  QUICKLY  CALIBRATED  using  the 
Famous  "DEEP  RELIEF"  BRANDING 


Months  ogo,  quostions  arose  on  how  to  quickly  produce  the  famous 
Aiimuth  Dial  from  plastic. 

A  search  of  the  plastic  industry  brought  the  problems  before  Rogan's 
engineering  staff.  Then  quickly,  faster  than  that,  Rogan  "deep  relief" 
branding  on  laminated  bakelite  provided  the  solution.  As  a  result,  on/y 
Rogan  .  .  .  Rogan  alone,  has  been  entrusted  with  this  important  job  .  .  . 
marking  the  Aiimuth  Dial  accurately,  and  with  a  permanence  unaffected 
by  salt  water,  extreme  heat  or  Arctic  cold. 

BAKELITE  PROTRACTOR  used  with  the  Azimuth  Dial,  is  also  an 
exclusive  Rogan  Branding  job. 

Got  dofaifs  on  Rogan's  combination  Molding  and  Branding  servicn. 


ROGAN  BROTHERS 


2003  South  Michigan  Ave. 


Chicago,  III. 


The  Unit  is  compact,  and  is  con- 
>,ed  in  a  cabinet  measuring  24 
hes  high.  It  weighs,  complete,  170 
All  cables  and  attachments  fit 
0  a  bin  in  the  top  of  the  cabinet, 
"e  unit  is  mounted  on  casters  and 
n  be  wheeled  right  to  the  job  with 
A  complete  instruction  man¬ 
at  provides  all  operating  data.  The 
hnufacturer  states  unskilled  labor 
rw  operate  the  unit  efficiently  within 
n  hour  or  so. 

Further  information  on  the  proc- 
and  its  equipment  contained  in 
44,  is  obtainable  from  the 
pinufacturer.  Metallizing  Engineer- 
?  Co.,  Inc.,  Long  Island  City,  N.  Y. 
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piniiiient  Washer 

IN  INSTRUMENT  WASHER  which  is 
’  ic  and  portable  is  available  for 
ti'hing  and  cleaning  aircraft,  tank, 
tt  ■'  mobile  and  navigation  instru- 
5  nt.s,  as  well  as  indicating  and  con¬ 
s' 1  units,  carburetors,  gear  trains, 
’  anism.  It  may  also  be  used  for 
•roduetion  cleaning  of  small  parts 
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laciUtiee 
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8  WEST  It  STREETeNEW  YORK,  N.  Y 
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HAIR^ 

SPRINGS 


HAIRSPRINGS 


Electrical  Equipment 


Aircraft  Instruments 


Speea  Indicators 


Accurate  Gaiqjes 


Made  from  appropriate  materials  se¬ 
lected  for  electrical  resistance,  minimum 
drift  requirements,  and  endurance  life. 
Furnished  with  or  without  collets — and 
with  ends  bent  as  desired. 


ROSS  &  SONS 


niMBinri  or 
BRISTOL 


ASSOCIATED  SmiNO  COMrORATION 


PROUDLY  IN  THE 


\ 


L.  i  ilRM'll  MF(i.  COUP. 


World's  Oldest  and  Largest  Manufacturers  of  Radio  Aerial  Systems 

55-65  DICKER50N  STREET  •  NEWARK,  N.  J.  ' 


such  as  screws,  small  electrical  unit; 
distributor  and  relay  parts,  and  oth^ 
odd  and  complicated  shapes  of  var 
ous  materials.  The  material  whic 
is  to  be  cleaned  is  put  into  any  oi; 
of  the  four  to  six  separate  tra^  s.  Tb, 
trays  (which  serve  to  keep  disa.'.se^ 
bled  parts  together)  remain  st; 
tionary  while  a  cleansing  liquid  cii 
culates  through  the  washer.  Any  ( 
the  trays  may  be  removed  with:; 
stopping  or  disturbing  the  othi 
work  in  the  machine.  The  compar 
ments  may  be  lifted  out  to  accommi 
date  larger  parts  which  may  have  t 
be  cleaned.  A  drain  well  is  containe 
at  the  bottom  of  the  machine  for  dii 
elimination. 

The  machine  measures  26  incht 
high  X  18  inches  in  diameter.  T1 
weight  is  50  lbs. 

Naxon  Utilities  Corp.,  2101  Wa 
nut  Street,  Chicago,  Ill.,  are  tl 
manufacturers. 


Induction  Heating  Units 

New  induction  heating  units  fc 
surface  hardening,  brazing,  soldei 
ing,  and  other  heating  applicatio" 
requiring  localized  heat  are  aval 
able  in  sizes  of  16  kw  and  32  kv 
Each  machine  is  a  completely  ei 
closed  unit  readily  adaptable  for  lo 
cost  hardening  and  heating  of  mar. 
parts  which  are  manufactured  i 
small  lots,  or  they  can  be  incorpoi 
ated  into  any  production  line.  Th 
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machines  are  easy  to  operate  and 
changing  from  one  job  to  anotht 
the  operator  simply  changes  ti 
work-holding  fixture  and  heati: 
coil  and  resets  the  heating  cycles 
meet  the  new  requirements.  The  ( 
tire  heating  operation  is  automa' 
Bulletin  2-1-42-5M  describes  t 
units  in  more  detail.  Quenched  sp. 
gaps  are  used. 

Van  Norman  Machine  Tool  < 
Springfield,  Mass. 
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►  Are  you,  like  many  other  profes- 
;lonal  radiomen,  so  wrapped  up  in 
our  present  routine  work,  that  you  are 
sing  sight  of  where  you  will  be 
tomorrow”?  Jobs  that  provide  secur- 


it  M  prey*  H  you  w*  Imv* 
yo«  iwd  to  qvolify 
IT  •  better  radio  (eb.  To  help 
I  letelligeotly  oiiswer  yeor  io- 
uiry-PlEASE  STATE  BRIEFLY 
OUR  BACKGROUND  OF  EX- 
ERIE^4CE.  EDUCATION  AND 

resent  position. 


re  You  Playing 


ith  Your  Futuro? 


Hole  Punching  Units 

Wales  CD  Units  are  sets  of  punch 
units  for  use  in  conventional  die  sets. 
The  punch  half  of  the  unit  contains 
a  punch  with  a  pilot,  a  holder,  a 
stripping  spring,  and  a  guide.  The 
die  half  of  this  set  consists  of  a 
holder  with  a  slug  clearance  chute, 
and  a  die.  Each  unit  is  self-con¬ 
tained  and  may  be  independently 
mounted  to  either  the  punch  or  the 


THE  BETTER  JOB  YOU 
UfANT!  CREI  technical  training 
mables  you  to  go  after — AND 
— the  lobs  that  will  mean 
lomething  when  the  war  is  over. 


tv — jobs  that  will  mean  something 
shen  the  war  is  over — must  be  won 
iiul  held  on  ability.  Now  is  the  time 
or  you  to  make  your  present  job  an 
lurstinent  in  a  secure  future.  Why 
lot  investigate  what  CREI  home-study 
laiiiliig  in  Practical  Radio  Enigneer- 
n;;  can  do  for  you?  This  practical 
:our?t'  plus  the  personalized  instruc- 
ion  service  provide  a  proven  formula 
’or  more  rapid  advancement. 

I'ou  have  a  jump  on  the  other  fellow 
..'’ause  your  radio  experience  is  a 
aluahle  asset,  if  supplemented  with 
his  modern  training.  It’s  worth  tak- 
ng  time  now  to  find  out  how  CREI 
iffers  you  a  planned  program  which 
dll  hasten  your  advancement  in  radio. 

•  Writ*  for  fro*  32-pago  booklet 


die  shoe.  Broken  or  dulled  parts  may 
be  changed  easily  without  breaking 
down  the  entire  die  set.  Punch  and 
die  alignment  is  automatically  as¬ 
sured  through  the  use  of  a  pilot  pin 
which  is  centered  on  the  punch  or 
die. 

These  units  may  be  used  in  either 
punch  presses  or  press  brakes  to 
punch  holes  from  to  li  inches  di¬ 
ameter  in  metal  which  measures  up 
to  11  gage. 

Another  unit  is  the  flexible  Type 
E  unit  designed  for  punching  a  ser- 


Small  and  Tough 

THERMADOR 

TRANSFORMERS 

Engineered  to  lick  extreme 
temperature  and  humidity 
problems  on  the  firing  line, 
Thermador  Transformers  are 
effectively  Thermatite  treated. 
Thermatite  is  the  time  tested 
process  of  accurate  heat- 
controlled  vacuum  impregna¬ 
tion,  developed  and  improved 
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exclusively  by  Thermador 


during  the  last  decade. 


CREI  Students,  Graduates  —  ATTENTIONI 

The  CKEl  Placement  Bureau  is  flooded  with 
requests  for  radiomen.  Enif>loyers  in  all 
branehes  of  radio  want  trained  men.  Vour 
Government  zvants  ezery  man  to  perform  his 
job,  or  be  placed  in  a  job  that  zvill  allow  him 
to  zvork  at  maximum  productivity.  If  you 
ore  or  zvill  be  in  need  of  re-employment  write 
your  CREI  Plaeement  Bureau  at  once. 


THERMADOR 

Electricol  Mfg.  Co. 

5119  S.  Riverside  Dr. 

Los  Angeles,  Calif.^P 


APiTOL  Radio 


!:\<>l.\KERINiCa  i:\STITl  TE 

Home  Study  Courses  in  Practical  Radio 
•  nqineering  for  Professional  Self-Improvement 

►<  i  1  E-4,  3224  —  16th  Street,  N.W. 
WASHINGTON,  D.  C. 

raoiors  to  the  U.S.  Signal  Corps — U.S.  Coast  Ouard 
of  Well-trained  Technical  Radiomen  for  Industry 


rnsMSSiiuakm 


INSTRUMENT  -5:^ 
RESISTORS  COMPANY 

25  AMITY  ST  ,  LITTLE  FALLS,  N.J 


ies  of  holes  in  extruded  shapes  on 
press  brake.  Nothing  is  attached  to 
the  press.  Each  unit  is  made  up  of 
punch,  die,  holder,  stripping  spring 
and  guide.  The  punch  and  die  are 
held  in  perfect  alignment.  A  line-up 
of  units  may  be  set  up  to  punch  over 
200  holes  at  the  same  time  on  a  rail. 

The  Strippit  Corp.,  345  Payne 
Ave.,  North  Tonawanda,  N.  Y. 


FROM 


Gage  Blocks 

Doall  Master  Gage  Blocks  are 
available  in  a  standard  set  (Set  400) 
and  consist  of  81  blocks.  The  81 
individual  blocks  range  in  length 
from  0.060  inches  to  4.00  inches. 
These  precision  gage  blocks  are  pro¬ 
duced  in  “A A”  grade  (accuracy 
0.000002  inch),  “A”  grade  (accuracy 
0.000004  inch),  and  “B”  grade  (ac¬ 
curacy  0.000008  inch).  Each  gage 
block  in  addition  to  being  accurate 
in  length,  has  its  measuring  surface 
lapped  to  a  flatness  of  less  than  the 
quarter  wavelength  of  light,  and  is 
produced  with  a  mirror  finish.  These 
two  factors  enable  the  blocks  to  be 
wrung  together  in  combination,  en- 


Engineers,  executives,  end 
menufacturers  responsible 
for  the  design  and  develop- 
nnent  of  electrical  products 
and  equipment,  are  aware  of 
the  numerous  electrical  and 
dimensional  advantages  of 
these  specialized  resistors. 
The  performance  of  all 
IN-RES-CO  units  has  been 
proved  in  actual  use,  in  ord¬ 
nance  and  essential  indus¬ 
trial  applications. 

For  fixed  and  adjustable  re¬ 
sistors,  meter  shunts,  choke 
coils,  meter  multipliers,  so¬ 
lenoids  and  special  coils — 
specify  IN-RES-CO. 

TYPE  LL  (at  top)  stacked  at  a 
series  multiplier,  '4  Watt,  induc¬ 
tively  wound,  standard  tolerance 
*/2%>  maximum  resistance  200,000 
ohms,  size  diam.  x  *4”  high. 

TYPE  ML  (center),  I  WaH  non- 
inductive,  standard  tolerance 
Vi%,  maximum  resistance  500,000 
ohms,  size  I"  diam.  x  '/i"  high. 

TYPE  LL  (at  bottom),  shown  as 
a  single  unit. 


In  high-speed  swiEching,  you  want 
sharp^  positive  action  that  is  free  From 
chatter  and  bounce  . .  .  that’s  just  what 
you  can  get  with  SIGA^A  Sensitive 
Relays. 

With  total  operating  delay  held  in 
the  vicinity  of  one  millisecond,  SIGA^A 
relays  permit  up  to  200  contacts  per 
second,  even  in  the  presence  of  se¬ 
vere  vibration,  and  at  extremes  of  tem¬ 
perature  and  pressure. 


abling  the  user  to  secure  practically 
any  dimensions  in  steps  of  0.00001 
inches  from  0.1000  inches  to  12.00 
inches. 

The  illustration  shows  Doall  gage 
blocks  in  a  mahogany  case  supplied 
with  the  gages.  The  inspector  is 
checking  a  4  inch  micrometer.  The 
manufacturer  states  that  precision 
optical  measuring  instruments  are 
used  to  check  the  accuracy  of  gage 
blocks  produced,  and  this  equipment 
is  also  available  to  users  for  re¬ 
checking  their  gage  blocks  after 
they  have  been  in  use.  The  used 
gage  blocks  sent  in  will  be  recali¬ 
brated  and  gages  that  have  been 
worn  beyond  tolerance  of  the  orig¬ 
inal  set  are  replaced  to  maintain 
the  required  standards  of  accuracy. 

Savage  Tool  Company,  Savage, 
Minn. 


W*  cannot  stata  ganaral  conditions 
undar  which  such  rasults  can  ba  at- 
tainad.  Submit  your  problamt  to  us 
.  .  .  sacurity  of  all  information — 
military  or  commarcial — is  strictly 
assurad. 


70  FREEPORT  ST. 
BOSTON,  MASS.,  U.  S.  A. 
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Stamping  Equipment 

Xwo  PRODUCTS  AVAILABLE  from  The 
Acromark  Co.  (323  Morrell  St.  Eliza¬ 
beth,  N.  J.)  includes  a  foot-operated 
ftamping  machine  and  a  holder  for 
■tamping  with  steel  type. 


No.  1-F  FOOT-OPERATED  name  plate 
and  parts  stamping  machine  is  a 
pedal-operated  unit  which  allows  an 
operator’s  hands  to  be  free  for  feed¬ 
ing.  This  i>edal  feature  is  available 
in  Models  1,  5  and  7  which  may  be 
used  to  mark  steel,  brass,  bronze, 
zinc,  tin,  fibre,  celluloid  and  plastics. 
The  size  and  height  of  the  machine 
permit  installation  in  a  production 
line  where  the  machine  may  be 
needed.  Thickness  adjustment  ranges 
from  zero  to  i  inch.  Standard  die 
sizes  range  from  i  inches  to  A 
inch  in  size.  Each  machine  comes 
with  a  marking  head  (any  specified 
size),  with  a  full  alphabet  and  set  of 
figures  and  punctuation  marks. 


For  marking  multiple  characters 
that  change,  the  Heavy  Duty  Her¬ 
cules  holder  is  available  for  stamp¬ 
ing  with  steel  type.  A  holding  clip 
allows  type  to  be  quickly  changed 
by  thumb  pressure  on  the  top  of  the 
clip  as  shown  by  the  illustration. 
The  type  used  is  a  heavily  built 
shoulder  style  type.  The  holder  is 
made  from  heavy  tool  steel  bar  stock 
and  is  available  in  larger  sizes. 


TO  YOU  ! 

Monarch  developments  in  production  and 
laboratory  instruments  have  performed  yeo¬ 
man  service  for  the  leading  radio  manufac- 
tmrers  of  America.  Now,  in  war  time,  we  ore 
cooperating  with  these  same  customers  in  de¬ 
veloping  and  producing  radio  and  electronic 
devices  used  in  our  war  effort  all  over  the 
globe. 


If  you  need  assistance  in  the 
field  of  radio  or  electronic  develop¬ 
ments,  either  for  wear  production  or, 
if  you  are  now  thinking  of  peace¬ 
time  possibilities,  we  will  be  very 
glad  to  talk  things  over  with  you. 


MONARCH  MFC.  CO. 

2014  N.  Major  Ave.  Chicago,  III. 


FINAL  INSPECTION  I  Tested  at  every 
•tage,  each  National  Union  Eloctronic  Tubo 
pattee  a  rigid  final  test  beforo  thipmont. 


With  an  established  reputation  for 
quality  and  precision.  National  Union 
engineers  have  been  in  the  forefront 
of  electronic  tube  development  in  the 
past.  Today,  their  war  research  is  de¬ 
veloping  new  applications  of  the  elec¬ 
tronic  tube  for  the  future.  Tomorrow, 
they  will  be  ready  to  help  you  apply 
the  new  science  of  electronics  to  your 
production  problems. 

NATIONAL  UNION  R AOIOCORFOR  ATION 
NEWARK,  N.  J.  LANSDAIE,  FA. 


NATIONAL  UNION 
ELECTRONIC  TUBES 
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Features 


^  UAMUBAf^TIIQIMA  mUPi 


Bequest  complete  information 
and  prices. 


MANUFACTURING  COMPANY.  1310  North  Ninth  Stroot,  Springfiold,  Illinois 


^amim 

W  AIRCRAFT,  TABHs,^^ 

^  WITH 

AMPERITE 

BATTERY  CURRENT  A  VOLTAGE 

REGULATORS 


1.  Amperites  cut  bottery 
voltage  fluctuation  from 
approx.  50%  to  2°o. 

2.  Hermetically  sealed  — 
not  affected  by  altitude, 
ambient  temperature, 
or  humidity. 

3.  Compact,  light,  and 
inexpensive. 

Now  used  by  U.  S.  Army, 

Navy,  and  Air  Corps. 

Send  us  your  problem. 


RITE  COMPANY  •  561  Broadway^mw  York.  N.-Y 


Ccmadcc  Atlos;  Hamo  Ltd^  5^ 


L  VOLTAGE  OF  24V  | 

i  WITH  AMPERITE 

k  BATTERY  &  CHARGER  i 

1  VOLTAGE  VARIES  > 

VARIES  APPROX. 

:  ONLY  A 

^^50%  ! 

CM 

Inter*conimunicating 

System 

“Convers-O-Call”  is  the  name  of 
an  intercommunicating  system 
which  is  available  for  ten  to  thirty 
stations.  It  is  designed  as  an  all-in- 
one  master  system  to  facilitate  fac¬ 


tory  and  office  inter-communications. 
The  system  is  easy  to  install  and  to 
operate  and  may  be  utilized,  if  neces¬ 
sary,  for  music  transmission  to 
employees. 

Fred  E.  Garner  Co.,  53  E.  Ohio 
Street,  Chicago,  Ill. 

Liquid  Coating  Prevents 
Adhesion  of  Welding  Spatter 

A  LIQUID  COATING  called  “No-Spat" 
resists  rust,  will  not  freeze,  and  may 
be  used  over  the  full  welding  range 
of  amperage  and  voltage.  Adhesion 
of  welding  spatter  is  prevented  when 
the  coating  is  brushed  over  the  seam 
and  area  where  weld  spatter  may 
fall.  After  welding  the  spatter  may 


Standardized  Flash'Welderg 

The  FIRST  OF  a  series  of  standard¬ 
ized  flash-welders,  recently  an¬ 
nounced,  further  expands  the  manu- 
facturer’s  line  of  products  which 


W  a  VARIABLE 
INTENSITY 

Shutter  Type 
PILOT 


now  includes  all  forms  of  resistance 
welding  equipment  from  guns  and 
fixtures  to  seam,  projection,  rocker 
arm  and  pedestal  type  welders,  etc. 

Progressive  Welder  Co.,  3100  Outer 
Drive,  Detroit,  Mich. 


LIGHT 


Gothard  No.  430  (Faceted  Jewel)  and  No.  431  (Plain 
Jewel)  Pilot  Lights  are  particularly  adopted  to  air¬ 
craft,  marine,  signal  and  similar  applications  where 
various  intensities  of  light  are  desired  vmder  con¬ 
stantly  changing  conchtions.  Permits  gradation 
from  bright  light,  thru  intermediate  glows  to  total 
dark  within  a  90°  rotation  of  the  shutters.  Also 
available  with  polarized  lens.  Red,  green,  amber, 
blue  or  opal  lens. 
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STEATITE 

CERAMIC 


CHARACTERISTICS 

Specific  gravity  of  only  2.5  to  2.6. 

Water  absorption  S.  1.5-0.001  per 
cent.  Per  cent  power  factor. 

S.  1.5  to  60  cycles  was  only  0.0165. 
Dielectric  constant  at  60  cycles 
was  5.9-1000  KC  5.4. 

Makers  of  electrical  and  radio  apparatus  des¬ 
tined  for  war  service  are  finding  in  LAVITE 
the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and 
dielearic  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  acids,  and  high 
heat.  The  exceedingly  low  loss-factor  of 
LAVITE  plus  its  excellent  workability 
makes  it  ideal  for  all  high  frequency  appli¬ 
cations. 

We  will  gladly  supply  samples  for  testing. 

D.  M.  STEWARD  MFG.  COMPANY 

Main  Office  &  Works:  Chattanooga,  Tenn. 
New  York  Neodham.  Matt.  Chicaio  Lot  Anfolet 


be  wiped  away  and  no  chipping  or 
grinding  is  necessary.  Two  other 
features  claimed  for  the  coating  is 
that  it  fuzes  with  the  molten  and 
maintains  maximum  tensile  strength 
by  floating  off  impurities  and  pre¬ 
venting  porosity,  and  that  it 
stabilizes  the  arc  and  thus  mini¬ 
mizes  rod  spatter  and  saves  rod 
metal.  Another  application  sug¬ 
gested  by  the  manufacturer  is  that 
of  coating  the  jig  to  prevent  spatter 
from  throwing  the  production  job 
out  of  alignment. 

The  Midland  Paint  &  Varnish  Co., 
Cleveland,  Ohio. 

Relay 

Developed  for  aircraft  as  well  as 
other  uses,  3PDT  Type  27  relay.  No. 
12814,  measures  2  x  15  x  25  inches 
and  weighs  5  ounces.  Its  character¬ 
istics  are  as  follows:  Acceleration, 
15  g  plus;  nominal  coil  voltage,  12 
volts,  d-c;  pick-up,  6.5  volts  (0.92 
watt)  at  20  deg.  C. ;  coil  wattage  at 
12  volts  d-c  is  3.2  watts;  contact 


THE 

FIRING  LINE 

..without  a  dud! 


ESiri^RI(DM(9 


PRODUCTS 


NIIREST  TO  RESISTANCE  FREE  OPERATION 


••UnfWlf  VANtS 

ao&iD 

liiO  StOMAl 


tUTtfUrLy  VANfS 
OHU 

INDfCATiNC 


or  no  light.  It  is  available  with 
red,  amber,  green  or  white  butter¬ 
fly  vanes.  The  overall  length  is  2  A 
inches  and  is  available  for  mounting 
on  panels  up  to  I  inch  thickness.  The 
gadget  may  be  interchanged  with 
signal  indicator  (AC  42B3529)  now 
used  in  aircraft.  The  indicator  is 
protected  against  shattering  by  the 
use  of  a  transparent  plastic  cap 
which  withstands  shock  or  explo¬ 
sion  and  which  permits  free  pene¬ 
tration  by  ultraviolet  rays. 

Littlefuse,  Inc.,  4757  Ravenswood 
Ave.,  Chicago,  Ill. 


bp  OgUt  »t  Wtr  InferwuUon 


GLAD  HE'S  C 
OUR  SIDE! 


Glider  pilots  have  a  job  to 
do.  They  have  to  set  them 
down  at  a  certain  place  at 
a  certain  time,  slug  the 
enemy  where  it  hurts  him 
most,  and  hold  till  rein¬ 
forcements  arrive.  Coordi¬ 
nation  with  other  arms 
must  be  perfect,  and  radio 
makes  this  coordination  pos¬ 
sible.  It’s  a  tough  job  for 
tough  men,  and  we’re  glad 
this  Marine  Lieutenant  is 
on  our  side.  .  .  .  Wonder 
where  he  is  now? 


Electronic  Control  for  Resis¬ 
tance  Welding  of  Aluminum 

One  of  the  features  of  this  weld¬ 
ing  control  is  its  simple  construc¬ 
tion  which  facilitates  thorough  in¬ 
spection  and  servicing.  The  control 
utilizes  the  energy-storage  principle, 
and  provides  very  high  currents  and 
short  welding  time.  The  control  con¬ 
sists  of  a  charging  circuit,  a  dis¬ 
charge  circuit,  control  station, 
Pyranol  capacitors,  and  sequence  con¬ 
trol.  All  this  equipment  is  mounted 
in  one  cabinet-type  enclosure  with 
full-length  front  doors  and  remov- 


NATIONAL  COMPANY,  INC 

MALDEN.  MASS. 


Demand  fhe  Best!' 


able  rear  covers.  The  enclosure  is 
ventilated  by  filtered  air  which  cre¬ 
ates  a  positive  pressure  within  the 
cabinet  and  minimizes  the  infiltra¬ 
tion  of  dust  and  dirt.  The  main 


ELECTROMCS 
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CARTER  SOLVES 


For  inony  years.  Carter  Dyiiainotora  hare  been  a  farniliar  part  of  the 
■pecificationa  of  leading  Communication  Equipment  Manufacturers, 
Police  Departments,  Government  Agencies,  etc.  May  we  suggest  you 
submit  your  Dynaunotor  requirements  too,  and  see  for  yourself  tbe 
reason  for  this  recognized  preference. 

The  latest  cataloc  of  Carter  Dynamotors,  Converters,  Permanent  Magnet  Generators 
and  Dynamotors,  and  special  rotary  equipment  will  be  sent  upon  request. 


71^  TduUit  SeiscGoH 


anode  transformer  and  tubes  are 
air-cooled.  The  charge  and  discharge 
tube  circuits  are  mounted  on  a  sin¬ 
gle  base  that  can  be  swung  out  read¬ 
ily  for  servicing.  The  control  sta¬ 
tion  may  be  removed  from  the  cab¬ 
inet  and  attached  to  a  welding 
machine  at  any  remote  point. 

General  Electric  Co.,  Schenectady, 
N.  Y. 


Literature 


Radio  Servicing  and  Buying 
Guide.  A  pocket-sized  manual, 
written  by  Major  J.  G.  Tustison, 
U.  S.  Army  Signal  Corps,  describes 
practical  methods  for  serving  elec¬ 
tronic  and  radio  devices.  This 
manual  includes  color  code  infor¬ 
mation  on  resistors,  speaker  lead 
and  plug  connections  and  a  con¬ 
version  table  of  fractional  inches  to 
decimal  and  millinieter  equiva¬ 
lents.  The  price  of  this  manual  is 


OF  FLEXIBLE  SHAFTS  AND  ACCESSORIES 


In  both  the  power  drive  and  remote 
control  types  of  flexible  shafts,  S.  S. 
White  offers  a  large  and  comprehensive 
selection  of  sizes  and  physical  character¬ 
istics — a  selection  that  makes  it  possible 
to  meet  a  wide  range  of  operating  re¬ 
quirements  and  conditions.  The  same  is 
true  of  the  selection  of  flexible  casings 
and  shaft  and  casing  end  fittings,  which 
are  essentials  of  practically  every  appli¬ 
cation. 


CONSULT  S.  S.  WHITE  whan  you  need 
flexible  shafts  or  when  you  have  a  power 
drive  or  remote  control  shaft  application 
problem. _  At  present,  S.  5  White  products 
and  services  are  necessarily  confined  to  war 
production  work. 

DATA  FOR  ENGINEERS 

BULLETIN  1238— Power  Drive  Shafts. 
BULLETIN  38-42 — Remote  Control  Shafts. 
BULLETIN  841 — How  to  Make  the  Most  of 
Flexible  Shafts. 

Copies  Moiled  oa  Eeqeatt. 


The  S.  S.  White  Dental  Miq.  Co. 

INDUSTRIAL  DIVISION 

Department  E,  10  East  40th  St.,  New  York,  N.  Y. 


transformers,  resistors,  condens¬ 
ers,  rheostats,  relays,  switches,  rec¬ 
tifiers,  electronic  tubes,  tools,  wire 
and  cable,  batteries,  sockets,  gen¬ 
erators,  power  supplies,  converters 
and  other  types  of  equipment  in 
this  field.  One  section  is  devoted  to 
sound  equipment  and  accessories 
section  contains  a 


and  another 
technical  book  section  on  radio, 
electronics  and  electricity. 

Both  the  radio  servicing  manual 
and  buying  guide  may  be  obtained 
from  Allied  Radio  Corp.,  833  W. 
Jackson  Blvd.,  Chicago,  Ill. 


Solders.  In  a  6-page  folder  sub¬ 
stitute  solders,  regular  .solder  and 
the  solving  of  solder  problems  is 
described.  A  lead-tin  fusion  graph 
is  included.  Among  solders  de¬ 
scribed  are  fusible  alloy,  or  low 
melting  point  solder;  wire  solder, 
for  automatic  processes  and  special 
operations;  ribbon  solder,  for  the 
sweating  of  parts;  foil,  for  joining 
two  flat  surfaces;  acid  and  rosin 
cored  solders;  drop  solder  and  spe¬ 
cial  solders.  Alpha  Metal  Rolling 
Mills,  Inc.,  363  Hudson  St.,  Brook¬ 
lyn.  N.  Y. 
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eiectronics 


VALPEY 


SPLIT  SECOND  COMMU  N  1C  AT  I O  N  S 
ARE  VITAL  TO  OFFENSIVE  ACTION 
ON  THE  BATTLE  FRONT. 


VALPEY  CRYSTALS 
BY  THE  THOUSANDS  ARE 
INSURING  RELIABLE 
TRANSMISSION  OF 
TACTICAL  ORDERS 
.  AT  THE  BATTLE  j 
k  FRONTS  ALL  J 
^  OVER  THE  M 
WORLD. 


^  THE  i 
VALPEY  CRYSTALS 

HOLLISTON 

MASS. 

Established  1931 


Crystals 
Manufactured 
Exclusively 
Since  1931 


3iC  By  sptcisl  srrmngemtMt  with 
the  orighuil  msktrs  of  the 
"Megger"  Testing  Sets,  our 
new  mstrnment  carries  the 
U.  S  registered  trade  mark 
name  "MEGGER." 


known  for  their  great  ruggedness  and 
durability.  They  are  housed  in  molded 
cases  of  high  impact-strength  plastic 
material. 

Our  manufacturing  facilities  are  com¬ 
plete,  and  we  now  offer  these  new  U.S.- 
made  “Megger”  testers  for  delivery  as 
soon  as  your  priority  and  our  expanding 
production  will  permit.  We  invite  your 
orders  for  them.  Write  for  new  Bulletht 
Number  1735-E. 


The  first  U.S.-made  “Megger”  Instru¬ 
ments  for  testing  electrical  insulation 
resistance  are  now  being  built  in  our 
Philadelphia  factory  and  we  expect  to  be 
in  full  production  by  about  June  1st  cf 
this  year. 

These  new  “Megger”  testers  are  of  the 
same  hand  generator  and  direct  reading 
ohmmeter  type,  and  the  same  high  qual¬ 
ity,  as  our  time-tested  “Meg”  and  “Super- 
Meg”  instruments,  which  are  so  well- 


Electrical  Connectors.  This  AN 
Electrical  Connector  bulletin  con- 
tains  general  information  and  tab¬ 
ular  matter  which  meets  Army  and 
Navy  specifications.  The  following 
types  of  AN  connectors  are  shown: 
AN3100,  wall  mounting  unit; 
AN3102,  box  mounting  unit; 
AN3106,  straight  connector; 
AN3108,  angle  90  deg.  connector; 
AND10066,  integral  mounting  and 
special  plugs  adaptable  to  points  of 
high  vibration.  167  insert  arrange¬ 
ments  with  wire  data  are  included. 
There  are  also  pages  on  junction 
shells,  AN  cable  clamps,  dust  caps, 
dummy  or  stowage  receptacles  and 
cannon  bonding  ring.  The  Cannon 
catalog  condensed  supplements  are 
included  in  a  separate  section.  Cop¬ 
ies  from  Dept.  U,  Cannon  Electric 
Development  Co.,  3209  Humboldt 
St.,  Los  Angeles,  Calif. 


Transformers.  Bulletin  169  lists 
standard  specifications  and  mount¬ 
ing  means  of  audio,  driver,  inter¬ 
stage  and  microphone  input  trans¬ 
formers  and  reactors  for  aircraft 
equipment  and  transmitter  trans¬ 
formers  and  reactors  for  mobile 
equipment.  Specifications  covering 
each  unit  are  included.  Bulletin 
159  available  from  Acme  Electric 
and  Mfg.  Co.,  Cuba,  N.  Y. 


EXT 

;iGN 


Pilot  Light  Assemblies.  The  pilot 
light  assemblies  for  marine,  air¬ 
craft,  Signal  Corps  and  industrial 
applications  illustrated  in  this  8- 
page  catalog  are  standard  items 
made  by  this  company.  A  complete 
range  of  the  various  types  and  sizes 
are  covered;  included  also  are  di¬ 
mensional  diagrams  and  prices. 
Special  assemblies  are  designed  and 
'built  for  specific  requirements. 
Gothard  Mfg.  Co.,  Springfield,  Ill. 
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Blind  Rivets.  A  handbook  which 
tells  how  to  save  time  on  difficult 
riveting  jobs.  The  book  tells  how 
rivets  are  used  for  airframe  con¬ 
struction,  field  repair  and  airframe 
salvage.  Methods  of  specifying 
rivets,  grip  length,  handling  and 
storing  rivets,  preparation  and 
drilling  material,  operation  and 
care  of  riveting  guns,  gun  acces¬ 
sories  and  interchangeable  pulling 
heads  are  given  in  the  handbook. 
Charts  on  material  thickness  and 
standard  rivet  sizes  are  also  in¬ 
cluded.  Copies  from  Dept.  29, 
Cherry  Rivet  Co,,  Los  Angeles, 
Calif. 


April  J 943  — ELECTRONICS 


TELEGRAPH  and  RADIO 
KEYS 


STAMFORD,  CONNECTICUT 


Backtalk 


extended  range 

lIGNAL  SHIFTER! 


This  department  is  oper* 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published 


tj.tm  roUm...ror9r 
•  /rom  lOOO  kr.  to  i«,fOOke. 

4EISSNER  SIGNAL  SHIFTER  pcr- 
insuni  frequency  change  in  any  given 
I  .  .  .  right  from  the  operating  posi- 
.  Your  crystal  procurement  problems 
solved  when  you  install  a  Meissner 
jl  Shifter!  .  .  .  provides  continuous 
of  a  frequency  range  from  1000 
to  16500  kc.  without  any  sacrifice  in 
,l.ty...NO  CRYSTALS  REQUIRED! 
rhe  Meissner  Signal  Shifter  is  a  vari- 
frequency  exciter  of  exceptional  sta- 
)  .  .  .  may  be  used  alone  as  an  auxil- 
or  "Shon-Haul"  C-W  transmitter, 
tuned  circuits  are  gang-controlled  by 
igh  quality  precision  vernier  dial. 


COOPERATION 


8troud»hurg,  Pa. 


Condensers  at  R.F. 

Why  does  an  electrolytic  condenser 
have  a  relatively  high  impedance  to 
r.f.? 

An  electrolytic  capacitor  has  a  rela¬ 
tively  high  value  of  impedance  at  r.f. 
because  at  these  frequencies  it  no 
longer  functions  as  an  electrol3rtic  ca¬ 
pacitor.  Furthermore,  the  impedance 
at  r.f.  is  not  a  function  of  definite 
values  of  capacitative  reactance  and 
resistance  but  rather  the  impedance  of 
a  somewhat  complex  network  containing 
inductively  reactive  elements  as  well  as 
capacitative  reactance  and  resistance. 

In  the  basic  construction  of  an  elec¬ 
trolytic  capacitor,  one  conductive  sur¬ 
face  is  metallic  and  the  other  conduc¬ 
tive  surface  is  an  electrolyte.  The 
electrolyte  has  appreciable  resistance 
and  as  conduction  through  such  an  elec¬ 
trolytic  path  is  by  ionization,  the  re¬ 
sistivity  of  such  a  path  is  subject  to 
considerable  change  under  varying 
conditions  of  both  frequency  and  tem¬ 
perature.  Under  conditions  of  extremely 
low  temperatures  the  mobility  of  the 
ions  is  greatly  reduced  with  resultant 
large  increase  in  resistivity.  Also,  at 
high  frequencies,  the  relatively  large 
mass  of  an  ion  is  too  great  to  permit 
the  requisite  speed  of  movement 
through  the  electrolyte  path  to  provide 
proper  conductivity.  In  other  words, 
the  specific  resistivity  of  the  elec¬ 
trolyte  increases  with  increase  in  fre¬ 
quency,  until  a  condition  is  reached 
where  the  electrolyte  becomes  sub¬ 
stantially  non-conductive  and  begins 
to  function  as  a  dielectric. 

During  this  transition  there  has  been 
an  increase  in  the  equivalent  series 
resistance  of  the  electrolytic  capacitor 
structure  with  proportional  increase  in 
power  factor  and  impedance.  At  the 
point,  however,  where  the  electrolyte 
becomes  effective  as  a  dielectric  med¬ 
ium,  the  normally  operative  dielectric 
(the  anodic  film  of  aluminum  oxide)  no 
longer  is  effective  in  determining  the 
capacitance  of  the  structure.  Under 
these  new  conditions  the  structure  now 
becomes  a  purely  electrostatic  device 
and  the  cathode  foil,  normally  em¬ 
ployed  to  only  make  contact  with  the 
electrolyte,  becomes  the  other  conduc- 


in  the  Study  of  Permanent 
Magnetism  and  Its  Practical 
Application 


WE  hove  been  in  this  busi¬ 
ness  a  long  time  .  .  . 
long  enough  to  reaUze  the  in¬ 
dustrial  possibilities  inherent 
in  properly  designed  and  ap- 
phed  permanent  magnets. 

Today's  metals  are  far  superior 
to  yesterday's.  Methods  for 
turning  these  magnet  steels  in¬ 
to  permanent  magnets  have 
been  greatly  improved.  Oppor¬ 
tunities  for  utilizing  permanent 
magnets  in  practical  ways  are 
expanding  doily. 

Our  engineers  will  be  glad  to 
cooperate  in  any  study  you  are 
making  in  the  field  of  perma¬ 
nent  magnetism.  We  have  ex¬ 
tensive  laboratory  and  experi¬ 
mental  facilities. 


MT.  CARMEl,  lUINOIS 
PRECISION-lUILT  PRODUCTS  " 


Telegraph  Keys  to  Signal 
Corps  Specifications 


We  are  licensed  to  produce  perma¬ 
nent  magnets  oi  ALNICO  and  NIPER- 
MAG,  two  superior  steels. 


Types  now  in  production  include 


Quotations  upon  request 


CTRONICS 


HODGMAN  RUBBER  CO 

FRAMINGHAM,  MASS. 


NEW  YORK 
CHICAGO  .  .  . 
SAN  FRANCISCO 


2111  Fifth  Avenue 
412  South  WelU  St. 
.  .  .  121  Second  St. 
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etchod  cmodo  oloctrolytic  condeniora 


tive  surface  of  the  electrostatic  struc¬ 
ture.  This  electrostatic  structure  now 
consists  of:  two  metallic  conducting 
surfaces  separated  by  two  dielectric 
mediums  in  series,  namely;  the  alum¬ 
inum  oxide  film  and  the  now  non-con- 
ductive  electrolyte.  The  effective  ca¬ 
pacity  is  now  determined  by  the  geom¬ 
etry  of  the  structure  if  other  factors  do 
not  have  to  be  taken  into  consideration. 

At  the  higher  frequencies,  the  foil 
surfaces  represent  appreciable  values 
of  inductive  reactance.  Also,  the  now 
non-conductive  electrolyte  represents  a 
polar-molecular  dielectric  structure  of 
extremely  poor  dielectric  properties. 
These  two  conditions  prevent  the  ca- 
pacitative  reactance  of  this  electro¬ 
static  structure  from  closely  following 
the  requirement  that  X,  equal  iir/C, 
with  the  result  that  a  given  electrolytic 
capacitor  structure  does  not  appreci¬ 
ably  change  impedance  with  change  in 
frequency.  The  graph  of  impedance  vs 
frequency  illustrates  this  character¬ 
istic. 

In  almost  all  filter  and  by-pass  cir¬ 
cuit  applications,  the  dry  electrolytic 
capacitor  has  a  sufficiently  low  value 
of  r-f  impedance  to  meet  circuit  sta¬ 
bility  requirements  but  should  the  oc¬ 
casion  arise  where  such  is  not  the  case 
then  the  electrolytic  capacitor  must  be 
shunted  with  a  mica  dielectric  or  other 
type  of  capacitor  which  will  provide 
the  requisite  low  impedance  path. 

Circuit  instability  is  frequently  en¬ 
countered  in  very  high  gain  amplifiers 
where  the  r-f  impedance  of  an  elec¬ 
trolytic  capacitor  represents  an  im¬ 
pedance  common  to  all  parts  of  the  cir¬ 
cuit  and  thereby  provides  sufficient 
coupling  from  output  to  input  to  cause 
effective  feedback.  The  correction  for 
this  condition  has  already  been  men¬ 
tioned. 

Similar  conditions  of  common  im¬ 
pedance  coupling  also  sometimes  result 
where  three  or  more  capacity  sections 
are  concentrically  wound  with  a  com¬ 
mon  cathode  foil  member  in  the  elec¬ 
trolytic  capacitor.  In  such  cases  of 
multiple  capacitor  structures,  the  com- 


HARVEY  -  WELLS  communications 
equipment  will  hold  a  vital  position  in 
the  world  of  tomorrow  . . .  because  we 
are  preparing  today. 

At  the  present  time,  we're  doing  a 
tremendous  war-time  job  .  .  .  helping 
to  produce  the  finest  communications 
instruments  In  the  world.  The  skill  and 
experience  learned  through  this  war 
production  will  be  reflected  in  tlia 
ultra-modern  equipment  of  tomorrow 
. . .  for  police,  plane  or  plant . . .  in  tht 
home  ...  In  the  auto  .  .  .  and  on  the 
train. 


CHEMICALLY  RESISTANT  PLASTIC 
TUBINGS  AND  FITTINGS  BY 


OUR  POLICY 


To  oatlclpoto  thm  aood  and 
k«»p  ffce  l*ad  ...  to  develop 
tfce  Ifeesf  military  comRiveica- 
tlons  aqalpmaat  ...  so  fhaf 
attar  victory  Is  oars,  tka  Com- 
mualeatloas  faatasy  that  Isn't 
so  today  .  .  .  will  be  so  to* 
morrow! 


The  number  of  uses  to  which  Hodgman 
Saran  Tubing  can  be  put  are  limited 
only  by  your  own  requirements.  Its  elec¬ 
trical  properties  make  it  suitable  for  most 
insulation  work.  Its  physical  properties 
provide  an  ease  of  handling  hitherto  un¬ 
known.  Saran  is  non-corrosive  and,  being 
impermeable  to  water,  provides  absolute 
waterproof  protection.  Available  in  O.D. 
sixes  from  Vs"  to  with  walls  of  vary¬ 
ing  thicknesses. 


HARVEY-WELLS  COMMUNICATIONS 

Are  Helping  to  lYin  fhh  War 


S  lor  Tochnicol 
f  Data  Sheet 

No.  P-4  lor  iur- 
iher  information  about  this 
remarkable  plastic  tubing 
.  .  .  Specify  O.D.  size  oi 

free  sample  you  would 

like  us  to  send  you. 


lRVIY-WBLLS 

/CnmumicnUtHi  utc. 


Pat.  No.  2160931 


HEADQUARTERS 

For  Sjrecialhed  Radio  Communications  EquipmW  ^ 

SOUTH  B  RIDGE,  MASS,  j 


ELECTRONS 


Transformers 
for  Combat 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 


in  cathode  foil  itself  is  the  source  of 
nnion  impedance  coupling.  The 
■rective  measure  in  such  instances  is 
employ  separate  electrolytic  capaci- 
•  sections. 

Paul  McK.  Deeley 


Feedback 

Is  df»iving  a  formula  for  the  improve¬ 
ment  in  signal-to-noise  ratio  when  neg¬ 
ative  feedback  is  applied  to  an  ampli- 
iier,  it  appears  that  a  serious  error  in 
logic  has  been  made  and  as  a  result 
the  formula  generally  stated  in  all  the 
standard  texts  is  entirely  erroneous, 
oven  though  mathematically  it  may  be 
correct. 

The  fact  is,  and  mathematical  analy¬ 
sis  shows,  that  the  application  of  nega¬ 
tive  feedback  to  an  amplifier  reduces 
the  output  signal  voltage  and  the  noise, 
but  it  reduce*  the  signal  more  than  it 
reduces  the  noise,  and  the  ratio  of  the 
resulting  output  signal  to  the  resulting 
noise  is  less  than  without  negative  feed¬ 
back. 

The  statement  that  the  signal-to-noise 
ratio  in  an  amplifier  is  better  with 
negative  feedback  than  it  is  without  it, 
for  the  same  output  voltage,  is  true  but 
ridiculous.  It  is  exactly  the  same  as 
saying  that  the  sig^ial-to-noise  ratio  in 
an  amplifier  is  improved  by  increasing 
the  signal,  which  statement  is  also  true, 
and  equally  ridiculous. 

In  effect,  the  standard  derivation  de¬ 
pends  upon  the  comparison  of  two  dif¬ 
ferent  amplifiers  having  two  different 
amplification  constants.  The  output  of 
the  amplifier  having  the  greater  ampli¬ 
fication  constant  is  then  reduced  by 
applying  negative  feedback  until  the 
output  of  both  amplifiers  is  the  same 
for  a  given  input.  Now,  if  a  noise  vol¬ 
tage  is  introduced  into  both  amplifiers 
near  the  output,  it  can  be  shown  that 
the  signal-to-noise  ratio  is  better  for 
the  amplifier  with  feedback. 

But!  Had  the  output  of  the  amplifier 
having  the  greater  amplification  con¬ 
stant  been  reduced  the  same  amount  by 
merely  putting  an  attenuator  across  it, 
the  signal-to-noise  ratio  would  have 
been  still  better! 

The  mathematical  demonstration  of 
the  above  is  quite  simple  and  it  shows 
that  signal-to-noise  ratio  is  impaired  by 
negative  feedback  in  the  proportion, 
Signal-to-noise  ratio  with  feedback — 
Signal-to-noise  ratio  without  feed¬ 
back  =  (aja,)  il/l-BM) 
where: — 

A  is  the  amplification  constant  of  the 
whole  amplifier. 

0,  is  the  amplification  constant  of  the 
portion  of  the  amplifier  included  be¬ 
tween  the  point  at  which  noise  is  in¬ 
troduced  and  the  output, 
a,  is  the  gain,  with  feedback,  of  the 
same  portion  of  the  amplifier. 

B  is  the  feedback  propagation  constant 
1  usually  assumed  a  negative  quan¬ 
tity,  numerically,  for  negative  feed¬ 
back). 

F.  S.  Macklem 
Research  Enterprises  Limited 
Leaside,  Ontario 


Here’s  a  simple  and  direct 
symbol  to  know  us  by!  Back 
of  it  stands  over  23  years  of 
experience  in  the  inventing, 
designing,  manufacturing  of 
relays  for  every  conceivable 
purpose.  But  the  biggest 
thing  it  stands  for  is  con¬ 
fidence.  "You  can  buy  a 
Kurman  Relay  with  your 
eyes  shut,”  is  what  many  of 
the  biggest  relay  users  will 
tell  you.That— cohlidence  in 
Kurman— is  valuable  insur¬ 
ance  to  safeguard  the  repu¬ 
tation  and  performance  of 
your  products— be  they  low 
cost  volume  production 
units  or  costly  experimental 
developments. 


i  I.ECTRONICS 


WHiH  UViS  AREM  STAKE 


Radio  Parts  for  Schools 

With  reference  to  an  item  in  “Cross- 
Talk”  of  the  Nov.  1942  issue  regarding 
radio  parts  desired  by  schools  I  w  uld 
like  to  offer  a  suggestion. 

This  project  of  supplying  representa¬ 
tive  equipment  to  the  schools  would 
definitely  be  a  war  contribution.  As 
you  point  out,  it  is  desirable  not  to 
sidetrack  new  material  nor  rely  on 
priorities  if  possible. 

I  would  suggest  that  this  problem 
be  turned  over  to  the  “ham”  organiza¬ 
tions  to  carry  on.  I  am  not  a  menil>er 
of  that  order  myself,  but  had  planned 
to  carry  on  some  development  work  and 
do  have  a  number  of  radio  items  stored 
away  for  the  duration  that  could  well 
be  put  to  use  now  as  you  point  out. 
Many  of  the  ham  fraternities  must  also 
be  in  the  same  condition.  Therefore, 
why  not  call  on  the  radio,  amateur  or¬ 
ganization. 

Could  there  be  a  more  fertile  source 
of  miscellaneous  and  representative 
radio  parts  and  equipment?  Equipment 
that  can  be  turned  over  without  priori¬ 
ties  or  red  tape  and  certainly  at  nom¬ 
inal  cost. 

S.  SOLOMON 


KENYON  TRANSFORMERS 
ARE  A  ^MUST" 


Directional  Drainage  Relay 

Mr.  Harold  P.  Heller’s  letter  in  Elec¬ 
tronics  September  1942  issue  refers 
to  an  error  in  the  application  of  the 
directional  drainage  relay,  the  article 
on  this  subject  being  previously  ab¬ 
stracted  in  the  June  and  March  1942 
issues  of  Electronics. 

I  would  like  to  point  out  that  this 
material  was  abstracted  from  the  com¬ 
plete  article  appearing  in  the  Proceed¬ 
ings  of  the  Pcusifie  Coast  Gas  Associa¬ 
tion  (Vol.  30,  pp.  163-166)  and  that  the 
theory  advanced  in  the  original  article 
is  correctly  stated.  The  authors  did 
not  make  or  edit  the  abstracts  in  ques¬ 
tion,  and,  therefore,  are  not  responsible 
for  the  error  which  has  occurred  in 
stating  the  direction  of  current  flow. 
Underground  pipes  which  are  elec¬ 
trically  positive  to  rails  or  to  other 
underground  structures  will  experience 
a  current  flow  from  pipe  to  rails  or  to 
the  other  structures  and,  ordinarily,  an 
accelerated  corrosion  rate.  On  the 
other  hand,  if  the  pipe  system  is  suffi¬ 
ciently  negative  to  the  surrounding 
medium,  current  will  be  accumulated 
by  the  pipe  system  and  corrosion  will 
be  mitigated. 

Mr.  Heller  states  that  the  applica¬ 
tion  of  the  directional  relay  does  not 
constitute  cathodic  protection.  1  can¬ 
not  be  in  complete  agreement  with  this 
statement  in  a  practical  sense.  By  the 
use  of  the  relay  a  lower  resistance  path 
is  provided  for  the  return  of  stray 
currents  to  the  negative  rails,  therefore 
the  current  pick-up  on  the  pipe  system 
may  be  increased.  Increased  cathodic 
protection  will  then  ensue  to  areas  of 
negative  pipe  potentials  just  as  if  an 
additional  source  of  outside  power  had 
been  provided.  Now  if  the  potentials 


4^  KENYON  YRANSFORMER  (0 

840  BARRY  STREET  NEW  YOR 


NEW  YORK,  N, 


7-11  RKINS  STMtT  SO.  lOSTON.  MASS. 

35  YfAftS  OF  PLASTIC 
MOLDING  EXPemiNCE 


ELECTRONICS 
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INDIANAPOLIS.  IND. 


• 

NUMBERALL  • 

NUMBERING  and  | 
LETTERING  PRESS  I 


Quickly  stamps  serial  numbers 
and  other  details  on  name 
plates,  names  and  numbers  on 
tags,  etc.  Can  also  be  fur¬ 
nished  for  HOT  stamping. 
Write  for  catalog. 

NUMBERALL 

STAMP  &  TOOL  CO. 

Huqucnot  Park  Statan  Island,  N.Y. 


area  of  positive  potential  may  now  be 
negative,  and  the  relay  blocks  the  re¬ 
verse  current  flow  causing  the  current 
to  be  accumulated  via  the  soil  paths. 
Another  relay  at  the  newly  positive 
area  will  then  operate  to  provide  the 
metallic  return  path. 

It  will  be  noted  that  more  than  one  i 
relay  must  be  used  ordinarily  to  take 
advantage  of  the  shifting  negative 
areas.  In  practice  certain  areas  are  ; 
found  to  be  predominantly  positive  for 
considerable  periods,  and  these  loca¬ 
tions  are  then  taken  as  the  drainage 
cable  locations.  If  the  pipe  potentials 
merely  increase  or  decrease  without 
change  of  direction,  fixed  drainage 
cables  may  be  installed  and  the  relays 
eliminated.  This  is  not  always  the  case 
however. 

It  is  quite  possible  that,  by  a  properly 
arranged  system  of  relays  and  drain¬ 
age  points,  cathodic  pro^tion  can  be 
achieved  on  a  system  over  a  large  per¬ 
centage  of  the  time  without  the  use  of 
additional  current  sources  other  than 
the  local  electric  railway  system.  How¬ 
ever,  as  Mr.  Heller  mentions,  additional 
forced  drainage  using  separate  ground 
beds  and  separate  current  sources  is 
in  many  cases  desirable  inasmuch  as 
railway  currents  may  be  insufficient  to 
provide  complete  protection  against 
corrosion  at  all  times.  This  presents  a 
problem  in  economics  and  engineering 
which  is  separate  from  the  problem  of 
controlled  pipe  system  drainage.  The 
latter  involves  controlling  stray  soil  j 
currents  such  that  (1)  they  may  be¬ 
come  less  detrimental,  and  that  (2) 
they  may  become  actually  beneficial 
under  certain  conditions.  i 

Ray  M.  Wainwright, 
Engineer 

•  •  •  I 

Toledo,  Ohio  | 

Medical  Electronics  | 

Certain  physicians  are  using  elec¬ 
tronic  machines  in  an  attempt  to  diag¬ 
nose  diseases.  Their  contention  is  that 
such  a  machine  measures  vitality  of 
organs  and  tissues.  The  operating 
physician  places  an  electrode  on  the 
leg  and  another  on  some  other  part  of 
the  body.  With  one  hand  he  turns 

switch  after  switch.  The  other  hand 
is  used  to  rub  a  diaphragm  which  looks 
like  cellophane. 

Is  such  a  machine  more  or  less  ac-  j 
curate  in  diagnosis?  If  so,  what  does  i 
it  actually  measure? 

C.A.S. 

\  on  .\uiix.  Colli. 

The  machine  described  is  undoubt-  j 
edly  effective  only  in  transferring 
money  from  the  pocket  of  the  patient  ; 
to  the  jjocket  of  the  quack  operating  i 
it.  I  am  quite  sure  that  the  machine  t 
could  not  effectively  differentiate  be¬ 
tween  a  live  patient  and  a  dead  one, 
although  the  quacks  use  some  machines 
which  are  of  value  to  the  physician 
trained  in  their  use,  such  as  x-ray. 

The  machine  is  probably  a  dummy, 
in  other  words  is  composed  of  meters 


ALMOST 
LIKE  MAGIC!..I 


The  SPEED  of  W-1 

INDUSTRIAL  EMERGENCY  SERVICE 
ON  RADIO  AND  ELECTRONIC  SUPPUES 


•  MAGIC  could  work  no  greater 
miracles  than  our  technicians  often 
accomplish  in  shipping  a  b'g  variety 
of  sorely  needed  parts  and  equip¬ 
ment  to  buyers  who  MUST  HAVE 
THEM  NOW!  Urgent  war  develop¬ 
ment  work  can  tolerate  no  delays. 
That’s  why  we  have  established  a 
special  department  and  technical 
staff  to  give  speedy,  efficient,  emer¬ 
gency  service  to  electrical  industries 
thrnout  the  middle  west.  Extra  large 
and  diversified  stocks  a-e  constantly 
maintained.  They  include  thousands 
of  items  ...  all  of  the  leading  lines. 
No  matter  what  the  items,  or  who 
makes  them,  we’ll  ship  faster  than 
you  ever  thought  possible  under  try¬ 
ing  war  conditions 
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write  for  a  ropy  on  com* 
pany  i»lalionery. 
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and  dials  without  function,  but  may 
have  thermocouples  and  other  devices 
which  will  produce  a  reading  which 
differs  on  different  parts  of  the  body. 
This  reading  would  be  equally  mean* 
ingless.  The  business  of  rubbing  the 
cellophane  diaphragm  speaks  quite 
eloquently  of  charlatanism. 

The  only  practical  application  of 
recording  potentials  of  the  voluntary 
muscles  was  described  by  Jacobson  in 
the  Review  of  Scientific  Instruments 
in  the  last  3  or  4  years.  This  or  a 
similar  device,  would  be  applicable  only 
where  there  is  a  definite  disease  af¬ 
fecting  the  muscles,  such  as  infantile 
paralysis  or  myasthenia  gravis  or 
spasticity,  and  then  it  is  largely  of 
theoretical  interest. 

The  only  electronic  devices  which 
can  be  used  safely  by  the  layman  for 
treatment  are  the  ultraviolet  genera¬ 
tors  and  hearing  aids. 

W.E.G. 


THE  ADVANCE  MlCHO  RELAY 
IS  DOING  A  GREAT  JOB 


PyroFerric  Cores  of  powdered 
Iron  or  Copper  have  no  limita¬ 
tions  in  size,  shape  or  insert. 
PyroFerric  are  specification  cores 
to  fit  any  circuit. 

PyroFerric  Cores  are  being 
made  in  quantity  for  the  electronic 
industry’s  war  effort. 

If  you  require  Cores  to  speed 
the  war  effort  send  us  your  spe¬ 
cifications  and  we  will  rush  sam¬ 
ples  to  you. 


TIME-TESTED  In  hundreds  of  applica¬ 
tions  from  aircraft  to  signal  corps  com¬ 
munications,  the  Advance  Micro  Relay 
has  that  vital  qualification— RELIABIL¬ 
ITY.  One  of  the  first  small  relays  on  the 
market,  this  dependable  unit  is  doing 
a  great  job  on  all  fronts.  Maybe  it  is 
exactly  what  YOU  need. 

ADVANCED  MICRO  RELAY  HIGHLIGHTS 

★  Available  from  Single  Pole,  Single 
Throw  to  Four  Pole,  Double  Throw.  ★ 
Capacity:  2  to  220  Volts  A.C.,  and  1 
to  60  Volts  D.C.  ★  Stationary  Contacts 
mounted  on  heavy  copper  terminals 
minimize  maladjustment.  ★  All  Con¬ 
tacts  insulated,  positioned  above 
Ground.  ★  Lug  Terminals  well  spaced 
for  easy  soldering  of  connections.  ★ 
Good  clearance  between  Contacts 
permits  control  of  higher  voltages.  ★ 
Weight:  3  oz.;  Dimensions:  1  x 
1  Vs"  X  1 ".  ★  All  metal  parts  A  &  N 
plated.  ★  All  Bakelite  parts  are  wax- 
impregnated  to  prevent  moisture  ab¬ 
sorption. 


Wave  Analysis  Schedules 

Since  the  schedules  published  by 
Col.  Denman  in  September  1942 
Electiujnics  furnish  tools  of  perma¬ 
nent  value  for  the  engineer,  they 
should  be  free  from  errors.  After 
hearing  from  Mr.  Corrington  (a 
reader  of  Electronics)  who  has 
found  errors  in  the  article  as  pub¬ 
lished,  I  have  found  it  necessary  to 
rederive  the  analysis  schedules  from 
the  beginning.  This  has  been  a  tedi¬ 
ous  and  time-consuming  job,  but  it  is 
finished  and  I  am  ready  to  report. 

The  errors,  noted  below  are  of  three 
sources:  those  occurring  in  typesetting 
and  printing;  two  errors  made  by  me 
in  redrawing  the  schedules  to  fit  them 
into  the  publication  space  available; 
errors  which  are  in  Col.  Denman’s 
original  article.  Mr.  Corrington’s 
findings  are  correct  at  every  point,  and 
I  think  his  services  in  this  connection 
should  be  publicly  noted.  He  must 
have  done  a  lot  of  work  on  the 
schedules. 

The  list  of  errata  follows. 

Frederick  W.  Grover, 
Schenectady,  N.Y. 


YROFERRIC 


1 75  Varick 


SlrMl,  New  York,  N.  Y. 


PHOTOVOLT 

Electronic  nmei 


D  For  DC  or  AC.  various  voltagei 
ond  froquencies 

•  No  mechanically  moving  parte 

•  Immediate  automatic  resetting 

•  Delay  periods  from  1/10  sec.  up 

•  Standord  units  can  be  combined  for 
sequence  of  several  timing  periods 


Page  44,  column  2,  in  the  equation. 
For  2/i,  read  y. 

Page  45,  S6  Ordinate  Schedule: 

In  second  row  of  ordinates  j/„,  y^t 
2/84  2/s8  should  be  omitted. 

At  bottom  of  page,  for  tf,#,  read  = 

+  2,  +  24  +  2.  +  2,. 

Page  46,  first  column: 

In  equation  for  dL,  for  +(A,+A„), 
read  (Ai— A„). 

Page  46,  second  column: 

Line  2,  check  for  d*,  for  —  (Au+A*), 
read  (Au+A*). 

Second  line  of  check  for  dj,,  for 
(A^— Aa),  read  (Ai,— A^). 

Fifth  line  of  the  check  for  So  should 
read  -f-  (Su+ 

B^)  +  -f 

Sixth  line  of  check  for  S„  for  (B,— 
S25)  sin  35®,  read  (Su— Sjj)  sin  35®. 


OTHER  ADVANCE  RELAYS 

are  made  for  general  circuit  control  applica¬ 
tions.  They  include:  Ceramic  Insulated  Relays 
(Double  Pole.  Double  Throw,  with  extra  Single 
Pole,  Single  Throw  if  desired)  for  antenna 
changeover  or  other  R.  F.  Circuits. 

Each  Advance  Re- 
lay  receives  individual  y 

adjustment  and  in- 
spection.  Close  atten-  H 

tion  is  given  orders. 

Write  for  details  to- 


Inquiries  regarding  special  timing  prob¬ 
lems  invited.  State  "g"  requirements. 

PHOTOVOLT  COUP. 

95  Madison  Ave.  New  York  City 
Also:  DC  Amplifiers 

Electronic  Photometers 


ADVANCE  ELECTRIC  COMPANY 
1260-1262  West  Second  Street,  Los  Angeles,  Californi 


ELECTRONICS 


72  Point  Schedule,  page  46: 
Bottom  of  the  page,  m,  =  ^ 

A,  +  ^  “H  -  ^11  -  't' 

For  a,  =  —  (J?5— i?,),  read  » 

R^-  (R,+R,). 

For  a,  =  jB,  —  {R^—R„),  read  «| 
R,  -  (K«+f2.). 


Column  for  A„  and  A„  in  the  line 
for  sin  80",  the  symbol  is  not  clear.  It 
should  read  —o’,,. 

Table  for  Cosine  Terms: 

Column  for  and  line  for  a  = 
30*.  For  —\i,  read 

Column  for  B,  and  B„,  line  for  a  = 
50".  For  —T,  r„  read  T,  F, 

Column  for  B,  and  line  for  «  = 
70",  for  T„  read  -T,  -T^. 

Column  for  B,^  and  line  for  «  = 
20",  for  read  A^ 

Column  for  B,i  and  line  for  «  z= 
55",  for  A„,  read  — A„. 

Column  for  B,,  and  line  for  15®, 
symbol  is  correct,  but  not  very  clear. 
Read  — A^. 

Column  for  B,,  and  B^,,  line  for  «  = 
45",  for  A„  read  — A^ 

Editor’s  Note. — Colonel  Denman  was  killed 
in  artlTC  service  in  November  1041. 


BLIND  RADIO  OPERATOR 


Loo  Sadowsky  of  Now  York  hos  ovorcomo 
his  physical  handicaps  to  bocomo  on 
amatour  radio  oporotor.  liconsod  by  tho 
FCC.  Ho  was  bom  dooi.  and  novor 
loaraod  to  spoak,  was  blindod  by  on  ac- 
cidont  whon  two  yoors  of  ago.  Ho  showod 
on  intorost  in  radio  and  was  oncouragod 
by  instructors  ot  tho  N.  Y.  Instituto  for  tho 
Education  of  tho  Blind.  Ho  looraod  to  dis> 
tinguish  radio  signals  by  moans  of  a 
bussor,  fooling  tho  vibrations  through  his 
hands.  Ho  is  now  a  liconsod  hom 
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Every  SECOND  Counts 


•  Astatic  Multi-contact  Plugs  and  Soc¬ 
kets  and  Co-axial  Cable  Connectors  not 
only  speed  up  the  operation  of  connecting 
and  disconnecting  electrical  circuits  for 
military  radio  equipment  but  what  is  more 
important,  they  guarantee  positive  circuit 
contacts  for  uninterrupted  radio  com¬ 
munications.  Government  approved,  Asta¬ 
tic  Plugs,  Sockets  and  Connectors  are 
highly  praised  by  radio  manufacturers  for 
uniform  quality  and  expert  workmanship. 
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THE  ASTATIC  CORPORATION 


YOUNGSTOWN,  OHIO 
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MA6NET  WIRE 


•  Much  of  ths  succsss  of 
this  Hudson  Wiro  product  it 
due  to  e  new  coating  method  that  gives 
a  smooth,  permanently-adherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  eng/neer/ng  end  det/gn  tec///t/es  ore  of  yoor 
^  dlipoBo/ — defo//i  and  quotationt  on  raquatf. 

H^DDSOR  WIRE  COMPANY 
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IRIPI^ETT 
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A  WORD  ABOUT  DELIVERIES 

Naturally  deliveries  are  subject  to  necessary  priority 
regulations.  We  urge  prompt  blit.g  of  orders  for  delivery 
as  expeditiously  as  may  be  consistent  with  America’s 
War  effort. 

TRIPLETT  ELECTRICAL  INSTRUMENT  CO. 


BLUFFTON.  OHIO 


NEW  BOOKS 


Mathematics  of  Modern 
Engineering 

By  Ernest  G.  Keller.  John  Wiley 
and  Sons,  New  York,  19U2,  Volume 
II  (mathematical  engineering),  209 
pages.  Price  $4.00. 

Written  in  the  interest  of  the 
Advanced  Course  in  Engineering  of 
the  General  Electric  Company  this 
second  volume  follows  by  six  years 
the  first  which  was  written  jointly 
with  R.  E,  Doherty.  Volume  II  is 
relatively  independent  of  Volume  I 
and  may  be  read  by  itself. 

The  book  is  divided  into  three 
nearly  equal  length  chapters.  The 
first  treats  the  classical  methods  for 
setting  up  the  differential  equations 
for  studying  the  dynamics  of  com¬ 
plicated  mechanical  systems  such  as 
the  suspension  system  of  an  electric 
locomotive.  The  approach  is  to  start 
with  energies  and  then  use  Hamil¬ 
ton’s  principle  to  derive  Lagrange’s 
equations  or  to  use  Lagrange’s  equa¬ 
tions  directly. 

The  second  chapter  is  divided  into 
two  parts,  the  first  containing  an 
introduction  to  matric  algebra  and 
tensor  analysis,  and  the  second  an 
introduction  to  the  use  of  these  tech¬ 
niques  in  the  formulation  of  the 
electromechanical  differential  equa¬ 
tions  for  rotating  electrical  ma¬ 
chines.  The  final  chapter  is  con¬ 
cerned  principally  with  methods  for 
solving  nonlinear  and  variable-co¬ 
efficient  linear  differential  equations 
analytic  in  a  parameter.  Such  equa¬ 
tions  arise  in  difficult  electrical  and 
mechanical  problems.  A  fairly  ex¬ 
tensive  treatment  of  elliptic  and 
hyperelliptic  functions 


WANTED 


RADIO  MANUFACTURERS 

AND  PARTS  SUPPLIERS  FOR  PRESENT  AND  POST-WAR 
EXPORT  REPRESENTATION 

Our  facilities  for  handling  every  type  of  foreign  transaction  enable  us  to  offer  a 
superior  export  service.  As  specialists  in  all  phases  of  export,  we  seek  a  few  well- 
established  radio  and  radio  parts  firms  interested  in  present  and  post-war  repre¬ 
sentation.  We  invite  inquiries  regarding  our  ability  to  relieve  manufacturers  of 
all  the  intricate  details  pertaining  to  the  handling  of  export  matters.  Reliable 
radio  manufacturers  and  radio  parts  suppliers  who  wish  to  avail  themselves  of 
responsible,  efficient  and  experienced  overseas  representation  are  requested 
To  write 


is  included. 

As  this  survey  of  the  contents 
indicates,  except  for  the  intro¬ 
ductory  material  in  the  first  part  of 
Chapter  2,  the  book  was  not  intended 
for  and  is  not  suited  to  the  needs 
It  is  essentially 


ROBURN  AGENCIES,  INC 


11-E  Warren  Street, 


PSUMANeffT  MMNtTS 


of  the  beginner, 
written  for  engineering  graduates 
who  are  interested  in  formulating 
and  solving  mathematically  difficult 
mechanical  and  electrical  problems 
associated  with  lumped-parameter, 
i.e.  discrete  physical  systems.  Vol¬ 
ume  III,  which  is  yet  to  appear,  will 
deal  with  continuous  systems. 

For  Volume  II  it  is  presuppo.sed 
that  the  reader  will  be  thoroughly 
familiar  with  the  usual  undergradu¬ 
ate  mathematics  through  ordinary 
differential  equations.  Volume  I, 
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which  assumes  a  knowledge  of 
calculus,  would  be  appropriate 
toward  the  end  of  such  a  preparation. 

Unfortunately  the  first  printing 
is  full  of  misprints  which  even 
occur  in  important  equations  such 
as  (42)  on  page  44.  The  necessary 
corrections  are  not  obvious  in  some 
cases.  More  serious  than  these  are 
a  number  of  careless  and  erroneous 
statements  on  important  points.  An 
indication  of  the  type  and  distribu¬ 
tion  of  these  is  as  follows. 

Chapter  1  is  carelessly  done  in 
places.  For  example,  the  last  part 
of  the  statement  of  Rayleigh’s  Prin¬ 
ciple  on  page  87  is  vague  and  mis¬ 
leading  if  not  incorrect. 

Chapter  2  is  definitely  below  the 
level  of  the  other  chapters  at  many 
points.  The  following  samples  will 
illustrate  this.  A  large  number  of 
unsubstantiated  claims  regarding 
the  contributions  of  G.  Kron  and 
their  power,  form  the  introduction 
to  this  chapter.  The  type  of  co¬ 
ordinate  transformation  considered, 
Eq.  (13),  page  114,  is  not  well  de¬ 
fined.  The  historical  remark  on 
page  132  is  incorrect.  The  credit 
should  go  to  a  1919  paper  by  Pro¬ 
fessor  Rosebrugh  of  the  University 
of  Toronto.  The  generalization 
postulates  are  too  vague  to  be  sig¬ 
nificant.  In  obtaining  the  equations 
of  a  stationary  network  the  trans¬ 
formation  from  branch  to  loop  cur¬ 
rents  is  trivial  and  unnecessary. 
These  equations  may  be  written 
down  at  once  in  the  ordinary  way 
by  using  the  network  diagram 
labeled  with  loop  currents.  Conse¬ 
quently  matrix  transformations  are 
not  required  for  setting  up  the 
equations.  The  network  chosen  for 
the  main  illustrative  example.  Fig. 
2.13,  page  143  (also  Fig.  2.15,  page 
148),  is  found  on  redrawing  to  be 
the  trivial  five-leaf  clover. 

Chapter  3  is  rather  carefully 
written  and  is  to  be  recommended 
to  those  who  wish  to  solve  difficult 
non-linear  and  variable-coefficient 
linear  equations  of  the  types  which 
arise  in  electric  control  circuits  em¬ 
ploying  iron-core  inductors,  in  the 
theory  of  frequency  modulation,  in 
the  theory  of  super-regeneration, 
and  in  non-linear  vacuum  tube  prob¬ 
lems.  The  book  does  not  mention 
the  last  three  applications,  but 
.stresses  applications  to  electrical 
rotating  machinery. 

In  general,  numerous  interesting 
examples  illustrate  the  text,  and 


The  Eyes  and  Ears 
of  onr  Armed  Forces 


The  electronic  tube  is  carving  o  niche  in 
posterity. ..  its  port  in  achieving  victory  in 
World  War  II  has  ossumed  tremendous 
importance,  for  the  hundreds  of  military 
applications  ore  the  differential  between 
modern  and  medieval  warfare. 

DANIEL  KONDAKJIAN  tungsten  ond  elec¬ 
tronic  tube  components  are  prominent  in 
this  rapidly  expanding  field  .  .  .  are  being 
specified  in  all  vital  phases. 

When  the  job  is  done,  our  engineering 
experience  and  facilities  will  be  devoted 
to  human  betterment. 


THE  ENGINEERING  CO. 

DANIEL  KONDAKJIAN 

27  Wright  Street,  Newark,  New  Jersey 
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ELECTRONIC  APPLICATIONS 


D-H  Nickel  and  Nickel  alloys  have 
the  following  advantages: 

Ease  of  welding  and  forming 
High  emissivity 
Non-corroding 

High  strength  at  elevated  tem¬ 
peratures 


squadron  approaches  a  battleship  ...  “calling 
all  men  to  their  stations”  .  .  .  and  in  no  time 
all  guns  are  going  full  blast.  Atlas  Sound 
Equipment  ...  clear,  reliable,  weather  proof 
,  .  .  is  lending  its  voice  in  all  theatres  of  war, 
doing  an  exacting  task  dependably.  ★  Our 
craftsmen  and  machines  can  handle  minor  con¬ 
version  of  our  regular  precision  line  ...  we 
will  be  glad  to  discuss  your  problems  with  you. 

______  Complete  Atlas  Sound  Catalog 

■  on  request 


D-H  technical  control  due  to  close  ac¬ 
quaintance  with  application  assures 
you  of  an  excellent  material. 


DRIVER-HARRIS 


1 V 

1443  39th  Street,  Brooklyn,  N.  Y.  * 
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many  practice  problems,  with  hints 
for  solving  the  more  difficult  ones, 
are  placed  at  the  ends  of  sections. 
A  valuable  set  of  well  classified 
references  appears  at  the  end  of 
each  chapter. 

In  brief  then,  although  Volume  II 
cannot  be  uniformly  recommended, 
its  good  features  constitute  a  valua¬ 
ble  contribution  to  the  literature  of 
advanced  mathematical  engineering. 

— J.L.B. 
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FREQUENCY 

METER 


(Secondary  Frequency  Standard} 

'A’TrammiH  EXACT  frequency  carriers 
simnltaneoHsly  every  10  KC  and  every 
100  KC;  alto  mtnfter  carriers  every 
1000  KC  between  100  kilocycles  and 
60  meqacyclet.  1000  KC  carriers  ns- 
able  from  1  meqocycle  to  150  meqo- 
cycles,  accerocy  .OSVe. 

A  The  ideal  Crystal  Controlled  Signal 
Generator  for  I.P.  or  R.P.  Alignment. 

A  Checks  Factory  or  Field  Test  Oscil* 
Icdor  Accerocy. 

A  Checks  Receiver  and  Transmitter  Cal¬ 
ibration.  Unexcelled  for  seMng  Elec¬ 
tron-coupled  Oscillator  Transmitter 
Frequency  to  Close  Teleronce,  substi¬ 
tuting  for  Spot  Frequency  Crystals. 

A  Modulation  "ON-OFF"  Switch. 

A  No  calibration  or  tuning  charts  re¬ 
quired. 

ASiie  5"  X  t"  X  fVs".  Weight  12  lbs. 

Operates  on  115,  130,  150,  220  and  250 

volt  25  to  60  cycle  A.C.  Supplied  com¬ 
plete  with  Bliley  100  and  lOOO  K.C.  duo- 


A-C  Calculation  Chart 

By  R.  Lorenzen,  John  F.  Rider,  Pub¬ 
lisher,  New  York.  (166  pages,  price 
$7.50.) 

The  charts  contained  in  this  vol¬ 
ume  have  been  prepared  primarly 
for  increasing  speed  and  minimizing 
the  amount  of  labor  required  in  mak¬ 
ing  certain  types  of  calculations  of 
alternating  current  circuits.  All  ex¬ 
cept  two  of  the  146  plates  make  use 
of  the  reactance-frequency-induc¬ 
tance-capacitance  type  of  chart  orig¬ 
inally  prepared  by  the  Bell  Telephone 
Laboratories  and  available  as  a 
standard  graph  sheet  from  the  Keuf- 
fel  &  Esser  Company.  This  type  of 
chart  contains  four  logarithmically 
ruled  scales ;  values  of  reactance  and 
frequency  being  plotted  as  the  ordin¬ 
ates  and  abscissa,  respectively,  while 
another  set  of  logarithmically  ruled 
scales  at  a  45  deg.  angle  contain 
values  of  inductance  and  capacitance. 
Any  point  on  such  a  graph  serves  to 
correlate  four  factors :  X,  f,  L  and  C. 

In  the  introduction  and  also  in  the 
explanation  of  the  use  of  the  chart, 
the  author  makes  a  contribution  in 
outlining  the  history,  theory,  and  de¬ 
velopment  of  this  type  of  chart.  Sev¬ 
eral  pages  are  devoted  to  the  use  of 
the  charts  in  convenient  form,  and 
illustrating  the  use  of  the  charts  in 
conditions  which  are  not  always 
realized.  Another  contribution  which 
has  been  made  is  in  the  inclusion  of 
a  number  of  charts  with  inverted 
scales  so  that  values  of  susceptance 
rather  than  reactance  are  plotted  as 
the  ordinates,  with  the  necessary  in¬ 
version  in  the  logarithmic  scales  of 
inductance  and  capacitance.  Two 
charts  at  the  end  of  the  book  deal 
with  Q  and  phase  angle,  the  latter  of 
which  is  a  double  scale  device  sim¬ 
ilar  to  two  scales  of  a  slide  rule. 

In  all,  there  are  seventy-two  sep¬ 
arate  charts  of  frequency  against  re¬ 
actance,  and  seventy-two  charts  of 
admittance  plotted  against  react¬ 
ance.  In  each  case  supplementary 
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They're  shock  resisting  and  highly 
accurate  in  all  temperatures,  alti¬ 
tudes,  attitudes. 


*The  country's  largest  exclu¬ 
sive  wholesale  distributor 
of  radio  and  electronic 
parts  offers  you  the  benefit 
of  its  well-trained  organiza¬ 
tion,  long  experience  and 
exceptional  factory  connec¬ 
tions,  in  filling  your  PRIOR¬ 
ITY  requirements. 


They've  got  to  be  in  this  man's  war. 
Making  them  that  way  is  one  of  the 
war-time  jobs  of 


•Try  Dalis  —  write, 
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H.  L.  DALIS,  Inc. 

Distributors  of 

RADIO  &  ELECTRONIC  SUPPLIES 
17  Union  Squaro  o  New  York,  N.Y. 
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Manufacturers  of  Electrical  and  Naviga¬ 
tional  Instruments  for  Aircraft. 


Is  there  a  dollar  in  your  pocket  that 
should  be  In  the  fight? 

BUY  WAR  BONDS 


ELECTRONICS  I  E 


liLD(£Co)El  URICS.  1501  W.  Congress  St.,  Chicogo,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

inport:  Ad  Aunemo,  89  Brood  5f.,  New  York,  U.  S.  A.  Cable.  Aueiema,  New  York 


The  men  in  the  planes  can  tell  you 
\  that  it  takes  perfect  coordination  of 

every  factor— of  manpower,  plane  and 
'  instruments— to  come  out  on  top  in  a  dog- 

^  iight.  Dynamotors  don’t  do  the  shooting 
A  —but  they  furnish  the  necessary  power  for 
pr  radio  communications,  direction-finding, 
^9  radio  compass  and  other  instrument  controls 
9^  which  enable  our  men  to  find  the  enemy,  attack 
W  and  come  back  safely.  Eicor  Engineers  are  proud 
of  the  job  Eicor  Dynamotors  are  doing  today 
in  fighters,  bombers,  trainers  and  transports. 
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You  Cat^t  Go  Wrong  with  the  Improved 
All-American  Portable 


circuit  parameters.  Conductance 
from  0.1  micromho  to  100  mhos  (cor¬ 
responding  to  a  range  of  from  0.01 
ohms  to  10  megohms)  may  be  found 
on  the  chart.  The  frequency  range 
extends  from  10  cps  to  1,000  mega¬ 
cycles. — B.D. 


ELECTRIC  TACHOMETER  as¬ 
sures  accurate  readings.  Model  10 
will  reproduce  vibration  conditions 
exactly  as  they  exist  in  actual 
service.  Meet  Government  test 
requirements  with  Model  10. 


Principles  of  Aeronautical 
Radio  Engineering 

By  P.  C.  Sandretto.  McGraw-Hill 
Book  Co.,  Inc.,  New  York,  N.  Y.  UH 
pages.  Price  $S.50. 

Prior  to  his  entry  into  the  Army, 
Major  (now  Lieutenant  Colonel) 
Sandretto  served  as  Superintendent 
of  the  Communications  Laboratory 
of  United  Air  Lines,  and  his  work 
in  aircraft  radio  extends  over  many 
years.  It  is  not  surprising  there¬ 
fore  that  he  has  written,  in  this  re¬ 
viewer's  opinion,  the  best  book  yet 
to  appear  on  the  engineering  appli¬ 
cations  of  radio  to  flying.  The  book 
is  well-written  and  well-arranged;  it 
is  complete;  the  author  knows  what 
he  is  talking  about;  and  it  keeps 
close  to  the  engineering  realities  of 
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the  subject.  It  is  a  thoroughly  r  ad- 
able  book.  All  of  which  is  fortunate 
because  in  this  war,  as  never  before, 
engineers  must  assimilate  quickly 
what  has  gone  before  in  engineering 
radio  equipment  for  aircraft. 

The  book  begins  with  a  chapter  on 
the  evident  need  of  radio  in  air¬ 
craft,  and  then  launches  into 
detailed  treatments  of  the  low- 
frequency  radio  range  (“A-N”) 
beacon,  (with  comments  on  its 
shortcomings  as  well  as  its  capabili¬ 
ties),  the  u-h-f  radio  range  beacon, 
aircraft  loop  direction  finders, 
marker  beacons,  the  various  forms 
of  instrument  landing  developed 
prior  to  the  war,  the  absolute  alti¬ 
meter,  ground  (Adcock)  direction 
finding,  medium  and  ultra-high  fre¬ 
quency  radio  communication.  Treated 
also  is  that  neglected  subject,  air- 
The  conclud- 


plane  power  systems, 
ing  chapter  treats  the  system-engi¬ 
neering  aspect  of  aeronautic  radio, 
which  is  so  often  neglected  by  the 
equipment  designer. 

Unlike  most  other  books  on  the 
subject,  this  volume  does  not  take 
a  self-consciously  elementary  ap- 
It  assumes  that  the  reader 
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proach, 

already  has  a  basic  understanding 
of  radio  technique  and  confines  itself 
to  the  application  of  this  technique 
to  the  aircraft  problem.  Mathe¬ 
matics  is  used,  where  needed,  but 
simply  so.  The  author  has  added  to 
his  own  authority,  by  submitting 
each  chapter  to  a  specialist,  such 
as  Andrew  Alford,  Lt.  Col.  R.  R. 
Brunner,  W.  E.  Jackson,  F.  C.  Mc¬ 
Mullen,  Harry  Diamond,  Charles  R. 
Burroughs,  and  A.  F.  Trumbull, 
names  which  are  well  known  in  and 
out  of  aircraft  radio  circles. 

The  book  treats  all  the  subjects 
which  military  exigencies  permit. 
It  is  to  be  hoped  that,  when  censor¬ 
ship  is  lifted  and  the  behind-the- 
scenes  developments  in  this  field 
become  publishable,  the  author  will 
not  delay  in  preparing  a  second, 
enlarged  edition. — D.G.F. 
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WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 


Zophar  offers  prompt  service  on  Insulating  Compounds  for 
a  wide  variety  of  electrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS,  COILS,  power 
packs,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


Frequency  Modulation 

By  August  Hund.  McGraw-Hill 
Book  Co.,  Inc.,  New  York,  N.  Y. 
S75  pages.  Price  $U.OO. 

The  reader  has  a  right  to  expect, 
on  the  basis  of  his  previous  work, 
that  any  book  by  August  Hunt 
should  be  sound  and  comprehensive, 
(Continued  on  page  224) 
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preferably  some  experience  or  education  in 

ELECTRONICS 

To  any  one  with  this  experience  or  educational  back¬ 
ground  we  con  give  an  excellent  opportunity  in 
research  and  development  in  our 

TOCCO  HEAT  TREATING 

industry.  A  satisfactory  applicant  will  have  a  very 
good  future  in  work  that  will  probably  be  in  higher 
demand  after  the  present  war  effort. 

Good  salary  and  future  for  right  party. 

APPLY  AT  ONCE 

OHIO  CRANKSHAFT  COMPANY 


3800  Harvard  Avenua 


Claveland,  Ohio 


CONTRACT  WORK 

Skillod  radio  man-hours  ovail- 
obio  for  tho  duration 

A  radio  maintenance  and  rebuild  labo¬ 
ratory  located  witbin  a  short  distance 
of  Portland,  Oregon  offers  its  services 
and  facilities  to  any  radio  manufac¬ 
turer  or  concern  engaged  in  war  pro¬ 
duction.  Competent  engineer  in  charge. 
Organization  is  small  and  flexible.  Can 
set  up  immediately  for  most  any  job  of 
assembly,  wiring,  rebuild,  final  testing 
or  maintenance.  A  large  number  of  un¬ 
skilled  and  semiskilled  workers  avail¬ 
able  within  walking  distance  of  plant. 
.\dequate  equipment  and  plenty  of  floor 
spare.  Special  equipment  installed  if 
necessary. 

A  subcontract  with  this  firm  will  help 
you  maintain  your  promise  to  Uncle 
Sam.  Quality  of  all  work  guaranteed  to 
exceed  your  specifications.  You  furnish 
us  with  the  materials  and  specifications 
and  we  return  a  sample  of  our  work  at 
our  own  expense.  Write  us  your  propo¬ 
sition.  It  will  receive  prompt  and  care¬ 
ful  attention,  and  an  immediate  answer. 
Business  and  personal  references  of  firm 
operators  submitted  upon  request. 
rW-514.  Eleetronlos 
6S  Post  Street.  San  Francisco.  Catlf. 


WANTED 

SUB-CONTRACTS  ON 
ELECTRONIC  DEVICES 

(''•niplets  Radio  Laboratory  has  racilltles  to  work 
on  clrctroaic  derioes  used  In  war  work. 

the  sterling  electronic  laboratory 

521  WMt  I3lit  Street  New  York.  N.  Y. 


,  . — . . 

■*  'lement  Oteillofraali  with  two  types  of  photo- 
jtiii  iiic  attachments,  plus  concurrent  risible  traces, 
twlf  nntalned  shunts  and  multipliers.  Cost  I.XOOO; 

for  52500 :  food  as  new.  Also  13  tube  “Bom- 
ssrosr  for  Inductire  heating  of  tube  or  lamp 
parts:  10  KVA  size;  cost  $2500:  sell  for  $2000. 
"'‘V'toes.  Never  used  except  for  test.  Also  three 
30  KVA  distribution  Transformers  2400/240,120 
Cost  about  agon  each-  sell  for  5180  each. 

INVeX  CORPORATION 
820  Fifth  Ave..  New  York.  N.  Y. 


INSTRUMENTS 

WANTED 

The  Signal  Corps,  Aircraft 
Radio  Laboratory,  Wright 
Field,  Dayton,  Ohio,  and  asso¬ 
ciated  critical  war  industries, 
have  need  of  meters  and  test 
equipment  for  use  in  training 
programs. 

Write  stating  type,  condi¬ 
tion  of  equipment,  and  price 
desired  to 

Director,  Aircraft  Radio 
Laboratory, 

WRIGHT  FIELD,  Dayton,  Ohio 


BEST  QUALITY,  USED 
ELECTRON  TUBE  MACHINERY 

Kuuipment  for  the  manufacture  of  all  kinds  of 
electron  tubes,  radio  tubes,  incandescent  lamps, 
neon  tubes,  photo  electric  cells.  X-ray  tubes,  etc. 

AMERICAN  ELECTRICAL  SALES  CO.,  INC. 


WANTED 

ANOTHER  POSTWAR 
PRODUCT 

AND  A  PRODUCTION 
EXPERT  TO  MAKE  IT! 


Before  the  war  halted  production  of 
'‘non-essentials,”  we  manufactured  and 
marketed,  for  several  years,  a  phenome¬ 
nally  successful  line  of  small  electrical 
household  appliances.  And  we  plan  to 
continue  as  soon  as  the  war  is  won. 

Our  customers— electrical  and  hardware 
wholesalers,  retailers,  and  four  of  the 
largest  national  chain  groups — believe  in 
us.  They  bought  over  $  I, $00,000  worth 
of  our  products  yearly,  and  that  volume 
was  increasing  by  2$%  annually  when 
the  war  hit  us. 

For  the  future,  we  have  big  plans — 
and  here's  why.  Our  outstanding 
strength  is  a  sales,  promotional  and 
advertising  organization  that  doesn't  take 
its  hat  off  to  any  other  in  American 
business.  What  we  want  to  do  is  harness 
this  organization  to  a  bigger  Job  in  the 
postwar  years.  We  have  enough  money 
to  handle  an  extra  million  in  sales,  and 
our  credit  is  excellent.  We  want  to 
branch  out  by  broadening  our  line  and 
increasing  our  volume. 

That’s  where  you  may  fit  into  our  picture. 
Specifically,  here's  what  we're  looking  for: 

1 .  A  new  electrical  household  or  hard¬ 
ware  product  that  can  add  another 
million  or  two  to  our  volume.  It 
might  be  of  metal,  or  it  might  be 
of  plastic.  It  should  be  something 
for  the  retailer  to  sell  to  the  house¬ 
wife — something  for  the  millions  of 
new  homes  to  be  built  after  the 
war,  as  well  as  for  present  homes. 

2.  An  outstanding  electrical  engineer¬ 
ing.  research,  product  development, 
and  production  expert  who  can 
equal,  in  the  calibre  of  his  work, 
the  selling  power  of  our  organiza¬ 
tion.  He  may  even  have  a  plant 
of  his  own  that  would  be  useful  in 
manufacturing  the  new  product  for 
which  we  are  searching. 

In  your  case,  maybe  those  two  points  go 
together.  You  may  have  the  product 
we're  looking  for,  and  you  may  be  the 
man,  too.  Perhaps  you  just  have  a 
product  that's  a  “natural,''  and  that 
you'd  like  to  sell.  Or  maybe  you're  the 
man  we  need,  but  merely  have  ideas  for 
new  products  that  deserve  development. 

If  this  advertisement  applies  to  you  in 
any  way,  let’s  talk  it  over  .  .  .  confiden¬ 
tially.  What  each  of  us  has  to  offer  may 
make  a  grand  combination  that  will 
benefit  us  both. 


ADDRESS 
THE  PRESIDENT 

P.  O.  BOX  531 
CHICAGO.  ILL. 


i  65-67  East  8tb  St. 


New  York.  N.  Y. 
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useful  for  obtaining  a  basic  under¬ 
standing  as  well  as  for  reference. 
“Frequency  Modulation”  is  no  ex¬ 
ception.  It  is  the  first  thoroughly 
sound  treatment  of  the  subject  on 
the  level  of  the  designing  engineer. 
It  is  not  an  easy  book  to  read,  partly 
because  the  concepts  on  FM  are  not 
easy  in  themselves,  and  partly  be¬ 
cause  of  the  author’s  style.  But, 
hard  or  easy,  it  is  a  book  which 
should  be  read  by  every  engineer 
who  aspires  to  a  basic  understand¬ 
ing  of  the  art  and  who  despairs,  as 
this  reviewer  does,  of  obtaining 
such  understanding  from  periodical 
publications. 

The  author  wisely  adopts  the 
policy  of  introducing  the  mathe¬ 
matics  of  the  subject  hind-end-to. 
The  analyses  of  Lord  Rayleigh,  van 
der  Pol,  and  Carson  are  presented 
in  the  first  chapter  as  the  familiar 
series  of  Bessel  functions.  The 
derivation  of  the  series  is  confined 
to  an  Appendix,  where  it  rightly 
belongs.  This  appendix  should  not 
be  neglected  by  the  reader.  It  will 
serve  to  disabuse  anyone  of  the  idea 
that  the  derivation  is  a  simple  and 
logical  tracing  of  cause  and  effect. 
It  is  an  adventure  in  mathematical 
compromise  and  judicious  simpli¬ 
fying  assumptions.  It  proves  what 
many  have  already  guessed :  that  the 
sideband  theory  of  FM  is  truly 
abstruse,  a  delight  to  the  mathe¬ 
matical  physicist,  but  something  less 
than  delightful  to  the  practicing 
radio  engineer. 

The  end  result,  the  Bessel  series, 
is  a  powerful  engineering  tool  (lead¬ 
ing  directly  to  the  “zero”  method  of 
checking  deviation,  for  example). 
The  author  makes  immediate  use  of 
the  series  as  an  engineering  tool  in 
the  first  25  pages  of  the  book,  and 
it  is  never  completely  out  of  sight 
for  the  remaining  325  pages  of  the 
text.  This  does  not  indicate  that  the 
approach  is  theoretical  only.  Over 
100  pages  are  given  to  practical  ap¬ 
plications,  with  detailed  discussions 
of  transmitters,  (which,  praise  be, 
are  actually  identified  with  the 
manufacturers’  names)  receivers 
and  antennas. 

The  first  chapter,  which  consti¬ 
tutes  nearly  half  of  the  book,  treats 
the  fundamental  relationships  from 
the  standpoint  of  the  Bessel  series, 
and  painstakingly  compares  ampli¬ 
tude-,  phase-,  and  frequency-modu¬ 
lated  waves.  A  great  many  numerical 
examples  and  basic  numerical  con- 


By  Lancelot  Hogben 


“I  find  MATHEMATICS  FOR 
THE  MILLION  superb  in  laying 
a  foundation  for  the  specialized 
mathematics  of  the  electronics 
field.  Hogben’s  handling  of  trigo¬ 
nometry  makes  it  too  easy  to  be¬ 
lieve.  The  book  reads  like  a  novel 
and  is  enjoyed  in  just  that  way. 
Both  my  pupils  and  my  customers 
have  been  very  appreciative  to  me 
of  my  recommendation  of  the 
book.” — L.  W.  Hatry  of  Hatty  d 
Young,  Electronics  Specialists. 


'  O  BRAVE  NEW  WORLD../' 

Tomorrow’s  new  world  lies  in  the 
palms  of  the  draftsmen  of  today. 
They  are  linking  country  to  country, 
continent  to  continent.  And  in  this 
tremendous  project,  as  in  every 
other  important  blueprinting  work, 
Typhonite  ELDORADOS  lead  all  other 
drawing  pencils  with  their  decisive 
clarity,  uniform  degrees,  opacity  and 
speed. 

Pencil  Sales  Dept.  59-J4 
Joseph  Dixon  Crucible  Company 
Jersey  City,  N.  J. 

TYPHONITE 

ELDORADO 


$3.75 


Over  20C 
illustrations. 

Revised  edition  with  answers 


JONES  500  SERIES 
PLUGS  and  SOCKETS 


TWICE  Electronics  has  reprinted  "U-H-F 
Technique,"  a  series  of  papers  os  follows; 
"Electrical  Concepts  at  Extremely  High  Fre¬ 
quencies,"  "Radiating  Systems  and  Wave 
Propagation,"  "Generators  for  D-H-F 
Waves,"  "U-H-F  Reception  and  Receivers," 
"Wide  Band  Amplifiers  and  Frequency 
Multiplication,"  "Measurements  in  the 
U>H-F  Spectrum,"  "Applications  of  Cathode- 
Ray  Tubes,"  "Wave  Form  Circuits  lor  Cath¬ 
ode-Ray  Tubes."  Stock  is  running  low,  and 
because  of  paper  shortage  we  do  not  wish 
to  reprint  unless  there  is  sufficient  demand. 
This  is  a  64-page  book — price  SOr  single 
copies,  or  each  for  26  copies  or  more. 
Reoders  are  requested  to  tell  us  the  num¬ 
ber  of  copies  of  this  widely-used  symposium 
on  u-h-f  they  are  likely  to  need  during 
1943. 


6  contact 
Ping  and 
Socket 


5000  volts  and  25  amperes.  Fulfills  every 
electrical  and  mechanical  requirement. 
Polarized  to  prevent  incorrect  connec¬ 
tions.  Easy  to  wire.  Sizes:  2,  4,  6,  8,  10 
and  12  contacts.  Thousands  of  uses. 
Writ*  for  Bulletin  500  today. 


P.S.  An  abbreviated  edition  of  this  "U-H  F 
Technique  reprint  containing  the  articles 
"Electrical  Concepts  at  Extremely  High 
Frequencies,"  "Applications  of  Cathode  Ray 
Tubes,"  and  "Wave  Form  Circuits  for 
Cathode-Ray  Tubes"  (in  two  parts)  are 
available  at  25c  each,  post  free. 
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Argon  Helium  Krypton- 
Neon  Xenon  mixtures 
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stanta  in  this  section  help  the  reader 
to  link  the  theory  with  familiar 
practice.  Every  available  approach 
is  taken:  the  series,  tables  of  side¬ 
band  distributions,  vector  diagrams. 
This  chapter  is  truly  the  work  of  a 
scholar  and  a  gentleman.  It  is 
worth  a  solid  month  of  midnight  oil. 

The  second  chapter,  on  auxiliary 
apparatus,  discusses  circuits  for 
transmitting  (the  Armstrong  mod¬ 
ulator,  reactance  modulators  and 
center-frequency  stabilizers)  and 
receiving  (r-f  and  i-f  amplifiers, 
limiters  and  frequency  detectors). 
The  universally-used  Seeley  dis¬ 
criminator  is  given  a  thorough  going 
over.  Frequency  pre-emphasis  and 
de-emphasis  networks  are  discussed 
and  typical  examples  (with  circuit 
constants!)  are  given.  The  remain¬ 
ing  chapters  are  devoted  to  practical 
embodiments  of  the  circuits  in  com¬ 
mercial  and  laboratory  equipment. 

This  book  is  an  exceptionally  com¬ 
plete  treatment  of  a  most  important 
specialized  branch  of  radio  engineer¬ 
ing.  Its  current  appearance  is 
fortunate,  since  it  permits  engineers 
to  catch  up  on  the  subject,  while  the 
industry  marks  time  pending  the 
end  of  the  War. — d.g.f. 
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Complete  equipment  and  stall 
oi  specialists  for  the  continuous 
electroplating  of  fine  wire.  We 
can  now  plate  a  wide  range  of 
metals  either  on  your  own  wire 
or  on  wire  supplied  by  us  . . . 

Your  inquiry  is  invited 
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liQUIPMENT  for  the  war  effort,— 

(1.)  MUST  perform  ap  to  highest 
standards. 

(2.)  MUST  continue  to  perform  ir¬ 
respective  of  climatic  variations. 


A.S.T.M.  Standards  and  Data 
on  Electrical-Heating  and 
Resistance  Alloys 

By  A.S.T.M.  Committee  B-4,  American 
Society  for  Testing  Materials,  260  S. 
Broad  St.,  Philadelphia,  19^2.  160 

pages,  with  heavy  paper  cover.  Price 
$1.50. 

Twenty-three  specifications  and 
TESTS  of  interest  to  radio  and  elec¬ 
tronic  engineers  are  here  combined 
with  four  pertinent  technical  papers 
in  a  single  convenient  volume.  A 
large  portion  of  the  book  covers  ma¬ 
terials  used  in  the  manufacture  of 
radio  tubes  and  lamps,  such  as  nickel 
and  nickel-alloy  wire  and  ribbon, 
mica  stampings,  grid  wires,  electrode 
support  wires,  strip  and  sheet  metals 
for  tube  electrodes,  and  sleeves  and 
tubing  for  cathodes.  Methods  of  test 
and  specifications  are  given  for  alloy 
resistance  wires,  alloy  wires  used 
for  electric  heaters,  electric-furnace 
alloys,  heat-resisting  alloys,  and 
thermostat  metals.  The  papers  cover 
a  contact-testing  machine,  surge 
tests  on  contact  materials,  design  of 
devices  using  thermostat  metal,  and 
methods  of  testing  thermocouples 
and  thermocouple  materials. — j.m. 


That  is  why  AUDAX  magnetically 
powered  pickups  are  selected  for  war 
contracts.  In  building  pickups  under 
such  contracts,  we  do  not  have  to 
change  our  peacetime  specifications  be¬ 
cause  such  MUSTS  have  always  been 
a  basic  requirement  in  AUDAX  Instru¬ 
ments. 

The  sharp  clean-cut  facsimile  repro¬ 
duction  of  MICRODYNE  —  regardless 
of  climatic  conditions — is  a  marvel  to 
all  who  have  put  it  to  the  only  test  that 
really  counts  .  .  .  the  EAR  lEST. 
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.  .  .  Spectroscopically  Pure 
.  .  .  Easily  removed  from  bulb 
without  contamination 

Scientific  uses  for  Linde  rare  gases  include— 

1 .  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  stroboscopic 
devices. 

3.  Metallurgical  research. 

4.  Work  with 


WITH  OUR  COMPLIMENTS 

A  copy  of  “PICKUP  FACTS”  is  yours 
for  the  asking.  It  answers  many  ques¬ 
tions  concerning  record  reproduction. 


BUY  WAR  BONDS 


it  there  is  uug  iulormatiou 
gou  with,  do  not  heaitute  to 
srrite  sss. 


inert  atmospheres,  when 
conduction  must  be  increased  or  decre 
Many  standard  mixtures  are  avai 
Special  mixtures  for  experimental  pur 
can  be  supplied  upon  request. 

The  word  "Linde"  is  a  trade-mark  of 


AUDAK  COMPANY 

SOO  Fifth  Ave.  New  York  City 

'*Craator$  of  High  Grade  Electrical 
and  Aemtutical  Apparatus  since  1915.” 
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